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INTRODUCTION 

In North America and elsewhere in the industrialized world we have Dlaced 
a hinh priority on convenience and consumer qoods. The conflicts betv/een 
consumption patterns, the qrowth which many people want and the environ- 
mental degradation which we all would like to avoid is, perhaps, sharper 
for the consumption of energy than for any other resource. Everyone wants 
to use as much electricity as he needs, whenever he wants it, yet, few 
Deople like the siqht of a power plant with its discharges into the environ 
ment or its transmission lines. Similarly, nearly everyone desires an 
automobile or two for his own transportation, yet no one consciously wishes 
to contribute to air pollution or traffic conqestion. Because of the 
growing opposition in North America to the location of power plants and 
opposition to the expansion of freeway systems in our urban areas, it must 
be concluded that, for an increasino number of people, these services are 
no lonoer acceptable, under the terms offered. The qeneral public is 
becominn aware of the hidden costs of degrading the environment. 

The use or conversion of energy completely pervades our daily lives and at 
the same time poses almost every type of environmental problem we face. 
There is probably no more important sinole area for which environmental 
protection and long-ranqe planninn should be emphasized than in the use 
of our energy resources. Although it is not possible to eliminate all 
environmental effects from energy use, it is practical to minimize these 
effects by lonq-ranoe plannino, selective siting, careful desiqn and con- 
struction, optimizing operating practices and incorporatinq new techno- 
looy as it evolves. 
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Until Quite recently the selection of fuel for any use was only a matter 
of choosing one with the lowest anparent cost. Our risinq environmental 
concerns have altered the traditional concept of what is desirable. Today, 
selectinq a fuel involves considering the effects on the air, water and 
land of (1) obtaining it, (2) orocessino and transportinq it and (3) utili- 
zing it. This presents a multitude of complex problems, since the primary 
energy sources, coal, oil, natural qas, nuclear fuel and hydraulic power 
have vastly different environmental effects. Consequently, trade-off 
decisions which should be made between the different enemy sources to 
minimize the environmental impact are not at all straiqht-forward or easy. 
Based on the technical trends rough cost estimates may be made for pollution 
control in the future. However, it is not possible to quantify the hidden 
costs of pollution and estimate the price of continuing as we have in the 
past. 

There are two neneral approaches to our environmental problems. The first 
proposes that technological improvements can be made and can reduce the 
environmental impact of enerqy use to tolerable levels. The second approach 
questions our per capita consumption levels and suogests population be 
controlled until an ecoloqically balanced society results. We may in the 
future have to foreqo some conveniences and pay hi oner prices for certain 
aoods and services, includinq energy if we want a continuinq hiqh qualitv 
of life in a healthy environment. Present-day public opinion appears to 
favour the first approach and the bulk of this report is concerned with 
the means by which this approach may be achievable, inasmuch as it may 
offer the most palatable strategy for the near future. However, a orowinci 
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number of people support the second method, which is now a matter of 
debate involving a basic chanoe in the structure of our societv. This 
view will probably qain wider acceptance as more and perhaps irreversi- 
ble chanqes of the environment are observed. 

I. CONCLUSIONS 

1 . Impact of Energy Resou rce Development 

(i) Other countries and provinces will feel the need to implement 
control program on the industries which obtain and process 
fuel, in order to preserve the quality of their own environ- 
ment. This will continue to increase the cost of fuel which 
Ontario purchases from outside the Province over the next two 
decades. 

(ii) Preliminary studies indicate that the Onakawana lignite depo- 
sits may be develooed with acceptable environmental impact; 
however, a complete and detailed investiqation should be made 
before the decision is taken to proceed. The sulfur content 
of the lignite on an equivalent enerqy basis is about 1 to ?%-, 
therefore, sulfur abatement may still be necessary if it is 
used in an urban area as a solid fuel. Liqnite aasification 
near the deposit with appropriate emission controls may be 
carried out in the long-term with an acceptable impact to the 
local environment. The gas produced would be an environmentally 
desirable fuel for Southern Ontario. 

(iii) Detailed information on the ecology of the James Bay area is 

sparse. It is believed that the environment is much more fragile 
than Southern Ontario and careful studies are a pre-reouisite 



- A - 



to large-scale development of the area, 
(iv) Mining and millino of uranium has produced serious water- 
pollution problems in Ontario. Improved waste-handlino 
techniques and control methods usinq existinq technoloov 
are available and should be promoted. Emission of airborne 
radioactive substances can also be further reduced with 
improved practices. 

2. Impact of Processino and Transporting Fuels 

(i) There exists a potential danger of major oil spills arisino 
from a collision involvinq vessels transporting oil which can 
be of catastrophic consequences to the aquatic environment. 
Although continqencv planning to confine, combat and clean-uo 
oil spills are develooina rapidly, there remains a hinh denree 
of vulnerability associated with oil spills. Oil losses bv 
themselves represent little financial losses to the owners. 

(II) Although the chance is remote, a failure of a critical piece 
of equipment at a heavy-water production plant could result 
in the emission of hydrogen sulfide gas in quantities larne 
enough to cause a danger to life. Siting of such plants 
should reflect this possibility, and further continoency 
plannina to cope with this situation is needed. 

(III) Oil and qas pipeline construction, cleaning and operational 
practices, in the past, have resulted in an impact on land 
quality due to erosion, the spilling of chemicals, the improper 
use of herbicides and poor clean-up practices. 

(iv) Fnriched uranium and fuel reprocessina are not required for the 
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CANDl! svstem. However, future fuel requirements or econo- 
mic conditions could dictate the installation of an enrich- 
ment nlant to produce refined uranimum for 1 i oh t -water reactors 
in Ontario or for export and the reprocessina of spent fuel 
rods. Peprocessinn and enrichment plants have a hinh potential 
for oroducino air-oualitv and water-nualitv problems. Environ- 
mental factors should be considered hefore allowinn fuel enrich- 
ment or reorocessina in Ontario, 
(v) Refinino of petroleum products creates a van>tv of water- and 
air-quality problems. 

(a) oil and phenols are the major pollutants of waste streams 
discharoed into the water. Fxistinn waste loadino is expected 
to decrease siqnificantlv durinq the next decade as a result 
of the implementation of improved abatement methods. 

(b) Refineries are a major source of hydrocarbon emission into 
the air and contribute in varyinq deorees to the total atmos- 
pheric emission of sulfur oxides, carbon monoxide, nitronen 
oxides and particulates. In addition, refineries mav be an 
irritatina source of malodorous compounds. Refineries are prone 
to violate sulfur dioxide and dustfall impinnemont standards. 
The contribution to total carbon monoxide emission is snail 

and may be expected to decrease as uneconomic operations 
are phased out. 

(c) Hydrocarbon, sulfur dioxide, particulate and nitronen 
oxide emission may be expected to increase as rofinerv capa- 
city increases. Sulfur dioxide and particulate emission 

mav be controlled so that the Provincial air oualitv standards 
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are not exceeded in the future. Also hydrocarbon emission 
mav be reduced sianificantly. 

(d) Fmission of malodorous comnounds is a source of 

many complaints. Hood household nractices and excercisino 
aood care in all operations could potentially reduce this 
problem. Pue to the complexity of refinery operations, 
process upsets which may result in excessive pollutant 
emission into the air occur relatively frequently. 

(e) Because of the larae quantities of oil handled by 
refineries, there is a significant potential for accidental 
oil spills. Moreover, the distribution system of refinery 
products is a lame source hydrocarbon emissions into the 
atmosphere. 

3 Impact of Utilization o f Fuels and Energy 

3 . 1 Electrical Power feneration 

3.1.1 G eneral 

(i) The charters or terms of reference of electrical -power 
oeneration oroanizations in North America, both public 
and private, are primarily concerned with producino 
electricity at low cost, and with economic development. 
As a result, the price of electric oov/er like many 
other consumer ooods , does not reflect its total cost 
to the public. A variety of water-quality, air quality 
and land-us^ effects qive rise to real, but hidden 
costs. 
(11) In the past five years power-oeneration companies have 
beoun to reconnize their environmental impacts and have 
taken measures to reduce them. However, the necessary techno 
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loqv is still not available to resolve many of 
the environmental problems of electrical nower 
production. £s a result, further environmental 
degradation will occur over the next decade and 
perhaps beyond due to the exponential qrowth in 
electrical Droduction. 
(iii) The existinq degradation of environmental quality, 
due to energy use, is localized in extent, but 
will probably become more widespread with increasinn 
urbanization of Ontario. The extent to which this 
trend may be overcome in the 1980 's will depend 
upon the incentives, forced or induced, to produce 
"clean power". 

3.1.2 Hydroelectric Power 

Electrical power Generation from fall inn water, oroduced by 
dammino and diverting, has disrupted fish and aquatic 
populations, and in some cases reduced aesthetic values. 
Careful and comolete ecological studies should be carried 
out prior to development of further water resources in Ontario. 

3.1.3 Fossil -Fuel Electric Power 

(i) Fossil -fuel aeneratinn plants located in larqe urban 
areas represent a major contributor to dearaded air 
quality. Solid particulates are effectively controlled 
in Ontario, and the control equipment is now an accepted 
part of the qeneration equipment. Requlatorv aaencies 
are primarily concerned, at present, about the sulfur 
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dioxide emissions from fossil-fuel plants. There is 
also increasing interest in future control of the oxides 
of nitrogen as well as heavy metals emission, 
(ii) Sulfur emission controls will be necessary in some 
qeneratina stations to achieve the specified ambient 
S0 2 levels over the next two decades. Substitution 
low-sulfur fuel and mechanical or chemical coal 
cleaning offers little lonq-ranqe Dotential for 
reducing sulfur emissions. Flue-gas desulfurization 
may be practical by the end of this decade and provide 
sufficient sulfur removal which together with the proper 
sitinq of plants will allow the ambient S0« air 
standards to be achieved through 1991. Flue-oas 
desulfurization will increase power costs by 10 to 
25%. Coal gasification appears to have the best 
lonq-ranqe potential for reducinn sulfur emissions. 
The United States has undertaken a significant effort 
to develop this process as a means of oroducinn an 
environmentally clean fuel. The technolony, if not the 
coal qas itself, may be exported to Ontario, 
(iii) Natural cias is an environmentally desirable fuel. Its 
limited supply would appear to dictate that it be 
conservatively used in applications where other sulfur 
abatement methods would be prohibitively expensive 
or not presently available. 
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(iv) Controls of the emissions of the oxides of nitrooen 
from many stationary sources may be exoected by the 
end of this decade. The necessity of controllino this air 
nollutant from power Generation nlants may be larqely 
dictated by the success of the abatement prooram 
underway for automotive sources. Reductions in these 
emissions up to perhaps 50? can be presently achieved, 
but technoloqy is developinn very slowly for the hinher 
degree of removal of oxides of nitroaen. 
(v) Coal- and oil -fueled plants emit heavy metals and 

radioactive substances into the air due to impurities 
in fuel. At the present time, the contribution of 
these pollutants from fuel burninn cannot be distinouished 
from the background ambient level arising from other 
sources. These substances may have siopificant health 
and environmental effects and may represent a potential 
long-range hazard, 
(vi) Apart from waste-heat disposal, fossil-fuel plants 
impact water quality through the addition of 
slimicides and other chemicals to the water, by 
drainaoe problems around coal storaae piles and by 
minor oil spills. Also, wind-blown coal dust gives 
rise to air-quality problems. All of these problems 
should be manaqeable in the future. 
3.1.4 Nuclear El ect ric Power 

(i) The risk of a severe environmental impact due to a 
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catastrophic failure at a nuclear power station is 
very small. At present it is not possible to weinh 
it in comparison to the lono-term environmental 
effects of fossil -fuel plants, 
(ii) The water and air radioactive emission of nuclear plants 
on an annual basis are only 1 to ]0% of the current 
allowable release limits. The present limits provide 
the possibility for less riqorous control of emission 
of radioactive products bv the industry which could result 
in needless exposure of the public to radiation. 
3.1.5 Disposal of Thermal Wast es 

(i) Both nuclear and fossil -fuel plants must dispose 
of up to 702 of their input enemy as waste hpat. 
At the present time, this is primarily achieved in 
Ontario by dischargino heated coolinq water into lake 
waters. The discharge of waste heat into the 
environment will increase proportional lv to the increase 
in enerov consumed by electrical power generation 
facilities. Moreover, the quantities of coolinq water needed 
are tremendous, and there is concern that their use 
may alter circulatory patterns in some lake areas, 
(ii) Although the utilization of waste heat is hiahlv desirable, 
the prospects of its beneficial use with existinq plants 
are dim excent in very limited ways. For future power 
stations, a completely revised plant desian concent would 
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have to be inteqrated with a particular conceDt for 
waste-heat utilization. Cool inn water would probably 
have to be discharqed at higher temperatures and 
consequently the plant efficiency considerably reduced 
to find reasonable uses of waste heat. 
(111) Up to the year 2000, siqnificant increases of the 
temperatures of Lakes Ontario, Huron and Superior, 
due to the rejection of waste heat, may occur near 
the shoreline in the vicinity of once-throuoh, 
water-cooled qeneratinq stations. Shoreline reoions, 
however, are particularly important to the ecosystem 
of the entire lake. The future sitinq of plants, 
usino once-throuqh coolino, may alter certain desirable 
aspects of the aquatic environment up to 3 to 5 miles 
from the plant. However, in certain areas the discharqe 
of heated water can also provide beneficial effects 
by improvino circulation patterns, and by increasino 
the recreational potential, if other pollutants are 
absent. 

Any further addition of waste heat in the western and 
central basins of Lake Erie is undesirable. Several 
portions of Lake Erie already have serious water- 
quality problems which would be compounded by further 
heat addition. There is a possibility that the International 
Joint Commission may recommend a restriction on waste-heat 
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disposal and/or temperature rise in the waters 
of the Great Lakes. If accepted by Ontario this 
would significantly affect present and future 
nower stations located on the lakes. 
(iv) Large evaporative wet cool inn-towers may be an 

alternative to once-through cool inn systems. Thev 
are not expected to cause foa or ice problems except 
in their immediate vicinity, when unusual atmospheric 
conditions exist. A buffer zone around the station 
site would minimize the impact of this problem. The 
winter temperatures in Ontario could result in 
larger and persistent vanour plumes. The environ- 
mental impact of such plumes should be studied. 
3.1.6 Impact of Land Us e 

(1) There is increasinn public concern about the 

"aesthetic impact" of freeways, transmission lines, 
tall stacks, etc. There will be concern about the 
aesthetics of cool inn towers. Public education as 
to the alternatives may increase their acceptance. 
Transmission line rights-of-way or limited access 
hiohways may use land areas up to about 100 acres 
per mile. Energy corridors (combined access of 
transmission lines, pipelines, rail lines) may 
make better overall use of the land, but are 
difficult to achieve. Inasmuch as fossil -fuel plants 
contribute greatly to urban air-qualitv degradation 



and all pollutant emission cannot be adequately 
controlled at present isolated Dov/er stations with the 
attendant price of longer transmission lines are the 
better environmental strategy provided that the 
transmission lines are planned for minimum impact. 
(ii) Completely cleared rights-of-way have adversely 

affected forest, recreational , wildlife and historic 
areas. Improved plannina considering scenic and 
aesthetic values, wildlife habitat and mul ti-ourpose 
uses is possible at this time, 
(iii) Hydroelectric development has decreased the mileaae 

of "wild rivers" in Ontario, altered aquatic life and 
mi oration, chanoed river beds and altered the 
surroundino landscape. Some water-power developments, 
however, have been beneficial in providing additional 
recreational values in the areas involved, 
(iv) The disposal of radioactive wastes, as well as chemical 
compounds formed in future flue-gas cleanina methods, 
will produce increasinq problems in the future. 
Immediate attention should be oiven to the lono-ranoe 
radioactive disposal problems for Ontario. 
3.1.7 Comparisons 

(i) The environmental impact of nuclear, fossil -fuel or 
hydro power plants is a matter of local and renional 
concern. It is not possible, at the present time, to 
adequately control all of their environmental problems 
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"by aDoli cation of existing technoloay. Consequently, 
conservation of electricity can reduce the growing 
dearadation of our environmental quality. Advertisino 
and public education directed toward conservation of 
electricity decreases the demand 1 to 2% for one U.S. 
power company. Although this is small in terms of total 
capacity it represents 15 to 20% decrease of the mean 
grov/th rate of 7% per year. 

(ii) Hydroelectric plants cannot satisfy the future demand 
for power. Thermal plants using natural oas have a 
comparatively low environmental impact, but the limited 
supplies of natural gas preclude their use in the future 
excent in special nroblem areas. 

(iii) The basic choice for power generation which can sudpIv 

the need at present is between (1) nuclear, (?) coal - or 
(3) oil-fuel plants. A CANDU nuclear plant appears to 
offer the lowest overall impact to the environment of 
these choices when all factors are compared. 

(iv) It is difficult to compare the hidden cost of nollutant 
emission from power generatino sources with the cost of 
environmentally clean eneray. All of the needed inform- 
ation is not available for Ontario. However, as one examole 
in the U.S.A. it has been estimated that total cost to 
human health, vegetation, materials and property is 104 r>pr 

lb of sulfur dioxide emitted. 
3.2 Transportation Uses 
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3.2.1 A utomotive 

(i) In terms of total tonnaqe of pollutants emitted into the 

air, automobiles and trucks represent the lamest sinnle 
type of air pollution source. They account for about 
half of the total air pollutants in almost all lame 
urban areas in North America. However, their primary 
contribution is carbon monoxide which is, in qeneral , 
not as harmful as other pollutants. Automobiles also 
emit large quantities of hydrocarbons, nitroaen oxides 
and lead into the air and may contribute substantially 
to the formation of photochemical smoa in urban areas 
under certain meteoroloaical and sunlioht conditions. Mr- 
borne lead from automotive sources constitutes a lono- 
term health hazard if not abated. Also, lead fall out 
from automotive sources constitutes a potential health 
hazard to humans due to contamination of fruits, crops 
and veaetable grown near hiohways of hi ah traffic density, 
(ii) Automotive vehicles also cause in an indirect way a 

number of other pollution problems. The disposal of waste 
oil is of some concern. In lame urban areas, waste oil 
is collected and returned to refineries, but oil disposal 
in small communities is a nroblem. Oil and arease drin- 
pina from vehicles onto the streets and roads can be washed 
into the waterways. The practice of snow disposal into 
water bodies together with the increasino use of salt on 
the roads to keep them passable is becominn of increasino 
concern as to the effect of chlorides, suspended solids, 
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organic matter and lead from this source on water quality. 

(iii) A number of emission controls have been installed on auto- 
mobiles since 1968. These have been directed toward the 
reduction of hydrocarbon and carbon monoxide emissions 
and the emissions of these pollutants have been reduced 
up to 80% on present-day new vehicles. Without further 
controls the emission of automotive pollutants will more 
than double durino the next two decades. Abatement of the 
emissions of the nitrooen oxides is the remainino problem 
and subject of considerable controversy. 

(iv) Due to federal lenislation automotive pollutant emission 

will be sicinificantly reduced durinq the next fifteen years, 
but will increase aoain after 1985 as a result of an ev n r 
increasinn vehicle population. The Canadian r .overnppnt 
has adopted the same standards and Guidelines as the U.S., 
which will reouire extensive abatement of nitronen oxides 
on 1976 models. The U.S. automotive abatement proqram in 
part is based upon reducino the potential for photochemical 
smoo. The abatement of nitroqen oxide emissions will in 
all likelihood reouire catalytic converters. This will add 
about $300 - $600 to the cost of the 1976 models, and 
represent a total cost of about SI 00 million to new car 
buyers each year in Ontario. Photochemical smoo does not 
routinely occur in °ntario or elsewhere in Canada. Con- 
sequently, there is a debate as to whether controls ne^dpd 
in Southern California are needed in Canada or elsewhere 
in the U.S. 
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(v) Natural gas or DroDane powered vehicles have reduced exhaust 
emissions. The use of these fuels in urban areas is econo- 
mically feasible and desirable especially for fleets of vehicles. 
An extended use of bicycles within the city cores will reduce 
traffic congestion and automotive emissions in these areas on 
a seasonal basis, 
(vi) Alternatives to the Internal Combustion enoine (ICE) are being 
explored. However, no large scale replacement of the ICE may 
be expected until the 1980's. The concent of a low pollution 
urban vehicle is being pursued. This topic is more fully reported 
in another study carried out for the Advisory Committee on Energy, 
(vii) Vehicles also aive rise to serious noise problems both in urban 
and rural areas. Noise control is inefficient unless noise emis- 
sion is controlled at the source. Noise barriers adjacent to 
busy highways have proved to be ineffective. Unless effective 
noise controls are implemented, noise levels in all communities 
may be expected to increase in the future as the population of 
vehicles increases. Moreover, the serious noise problems adja- 
cent to freeways, busy streets, stop and go truck routes and 
airports will also increase, 
(viii) Automobiles are the least efficient means of urban transportation. 
Their widespread use by urban commuters results in heavy rush- 
hour traffic and a significant contribution to the overall air 
pollution in urban areas. The impact of the automobile in rural 
areas is not as serious as 1n urban areas by virtue of their 
lower numbers and lower traffic density. 
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3.2.2 Avi ation 

(i) The emission of pollutants by aircraft in an urban area is 
only 1 - 2% Of the total oollutant emission bv transport- 
ation sources. Odors and particulates (smoke) at airports 
and vicinity are the most noticeable pollutants. The 
environmental impact of aircraft flying at hinh altitudes 
is not fully understood. However, increased cloud cover 
and increased ultraviolet radiation at th*» earth's surface 
are two of several possibilities which could affect weather 
and the balance of nature, 
(ii) Aircraft noise is a major nroblem in residential areas 
close to descendinq and ascendina aircrafts. Aircraft 
noise will remain hi oh, despite several years of research 
directed to reduce it. Land-use planning and control 
annears to be the key to achievino an acceptable solution 
to aircraft and airport noise. 

3.2.3 Mas s Transp o rtation 

(i) The need for future reductions in total pollution output 
from automotive sources can best be met by increasino 
efforts to provide mass transportation systems of low- 
pollution potential in larqe urban areas. Tt is clear 
that raoid mass transportation systems desiqned with low 
noise levels in mind can also effectively reduce urban 
noise levels, 
(ii) Mass transit systems must be faster, cheaper and more 

comfortable to the consumer than the use of his own auto- 
mobile in order to provide an incentive for an increased us^ 
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of the mass transit system. Existing hydro easements, rail 
lines and other rights-of-way may be combined for the deve- 
lopment of urban mass transit systems without exhorbitant 
cost of land. 

(iii) The continued growth of the city and the aqqregation of 
peonle in the downtown core, due to the construction of 
large commercial buildings, will olace ever increasinn 
demands on urban transportation. There are limits to 
growth of the present mass transit system in the Toronto 
area, unless a new innovative aporoach to mass transport- 
ation is taken. At present the Ministry of Transportation 
and Communications is conducting a study of innovative 
approaches to mass transit systems. Such measures could 
play a significant role in reducing pollutant emission 
from automotive sources. 

(iv) Planning and expansion of the existing mass transit systems 
in nearly all cities including Toronto has been consistently 
inadequate in relation to the rapid growth of the downtown 
city core. 

(v) Hioh speed trains are much more efficient and have a lower 
overall environmental impact than airplanes for moving 
people or freight between urban areas. 
3 . 3 Residential and Commercial Uses 

(i) Residential and commercial uses accounted for about 30°: 
of the total energv consumption in Ontario in 1971, and 
for about 45? of the electrical energy consumption. In 
the household the major consumption of energy is for snac° 
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heatinn, water heatinn, linhtinn, and air conditioning. 
Commercial uses are predominantly for space heatinn 
or coolino and lighting. 

(ii) The pollutants beino emitted by the use of nrimarv enemy 
for residential and commercial purposes are mainly sulfur 
dioxide and nitrooen oxides. In Metropolitan Toronto 
desnite a cirowinn consumption of enemy the sulfur dioxide 
emission will almost remain constant due to a more wide- 
spread use of low-sulfur fuel. The emissions of the nitro- 
gen oxides from residential and commercial sources, however, 
will increase by 2507 by 1991. In other urban areas of 
Ontario, where sulfur restrictions for fuel oils ^re not 
in effect, both sulfur dioxide and nitrogen oxide emissions 
will increase with increasina consumption of fuel 

(iii) In Metropolitan Toronto residential and commercial uses of 
primary enemy by themselves did not result in violation 
of the nrovincial ambient air criteria in 1971. Since 
the emissions from residential and commercial sources are 
relatively close to the qround, dispersion of the emitted 
pollutants is poor. P or all nractical ourooses the use 
of low-sulfur fuel is the best sulfur dioxide abatement 
strategy for these hundreds of thousands of air pollution 
sources. Flue-gas cleaninn abatement systems are not 
practical for residential sources due to their very lame 
number and lame variety of installations. 
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(iv) It is possible to increase the combustion efficiency 
of residential and some types of commercial buildinn 
heatino systems by prooer service and maintenance. Many 
units are noorly maintained. The present schedules of 
maintaining and servicinq of these systems can be signi- 
ficantly improved, 
(v) Insulation standards for electrically heated homes are 

more stringent than for fossil -fuel heated homes in ord«r 
to make electrical heatino economically competitive. Con- 
sequently, there is considerable room for improvement in 
the standards for thermal insulation in residential and 
commercial buildinqs heated by other means. Better insu- 
lation will decrease the amount of enemy required for both 
heatino and coolina and therefore may potentially lover 
the impact that residential and commercial heatinn has on 
the environment, 
(vi) Many factors affect the environmental imnact of consumption 
of enemy by household and commercial sources. It is undoub- 
tedly easier to control the emissions from lame central 
plants than it is from numerous small homes. Also, many 
furnaces are poorly maintained and adjusted and emit more 
nollutants than necessary. On the other hand, electrical 
power Generation utilizes the enemy resource less effi- 
ciently. and emits lame quantities of sulfur dioxide 
and oxides of nitrooen with little immediate nrosnect of 



- 22 - 



abatement. However, at some future time, larqer portion 
of the qeneratino system is nuclear, it may be in the 
public interest to oromote electric heatinn and cool inn. 
In the meantime, urban air Quality will become progressively 
degraded due to the increased use of fossil fuel, 
(vii) Some studies have concluded that electrical heating produces 
a greater environmental impact now, but it could provide 
the best heatinn means from the environmental viewpoint 
bv the 1980's. The utilization of fossil fuels other than 
coal in residential and commercial applications does not 
oive rise to direct water quality problems, waste disposal 
problems or other factors affectinq land use and natural 
resources . 
(yiii) The use of waste heat from thermal power stations and other 
boiler installation is often mentioned as an enemy resource 
for area heating. This is not practicable with existinn 
svs terns, but is a possibility in the desinn of a self-con- 
tained total energy system in new towns or lame buildings. 
There exists a needless wastage of enemy which could be 
reduced throuqh a prooram of enemy conservation and effi- 
ciency. 



3.£ Industrial Uses 



(i) Many industries create significant environmental problems, 
however, of most of these problems are not primarily asso- 
ciated with the conversion or use of enerqy resources by 
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the industry. It is difficult to accurately assess the 
impact attributable to the conversion and utilization of 
energy bv the manufacturing industry. 

(ii) The environmental impact of fossil -fuel enerav use by 
industry in oeneral constitutes only a relatively small 
portion of its total impact on the environment. A1r- and 
water-quality problems attendant to enerny use by indus- 
tries largely arise from the combustion of fossil-fuels and 
are similar to those associated with the qeneration of 
electrical power from fossil-fuel. Coal, whether used 
directly for qeneration of energy or for the production of 
coke and coke oven gas is nresentlv the largest source of 
pollutant emission. 

(iii) The production of coke needed for metal lurqical processes 
results in air-quality problems due to emissions of parti- 
culate matter and sulfur dioxide into the atmosphere. These 
problems occur in the steel producing centers in Ontario 
and are not yet fully resolved. Due to the present desion 
of the coke ovens and their inherent operation, lono-term 
modification or nrocess chanqes are needed to ahate their 
present emissions. Coke production also creates a variety 
of v/ater-qual ity problems due to discharoe o-f phenols, 
ammonia, sulfides, and other compounds. In addition, the 
Quality of the water may be decreased by increasinn the 
chemical oxygen demand through the discharge of waste 
streams. 
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(1v) While industrial emissions of S0 X and particulate natter 
.can be controlled to meet provincial air qualitv criteria, 
no efficient control technolonv for nitroqen oxides is 
available for many emission sources at present. There- 
fore, emission of oxides of nitroqen is expected to 
increase as the enerqy consumption increases. As a result, 
air quality criteria for the nitrogen oxides will be 
exceeded in the future more frequently in wider and wider 
areas unless industrial growth is restricted in selected 
areas . 

(v) Emissions of particulate matter and sulfur dioxide by 
industrial enerqy consumers in the Toronto area have 
notably decreased in the past three years. Fxistina abate- 
ment pronrams will effect additional reductions of these 
pollutants in the future. Other areas are not as well 
controlled as yet. Natural gas is needed by some industries 
both for process requirements and for air pollution control. 
These uses should be restricted to annlications wher^ other 
fuel use and emission control technology is not feasible. 

(vi) Most industries are acutely aware of costs and efficiency. 
This awareness can be used to promote conservation of all 
resources includinq enerqy. Policies desiqned to enhance 
the reuse of articles, such as containers for liquids, 
recyclinn of wastes containino paper, qlass, plastics and 
metals could effectively reduce the enerqy requirements 
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of many industries and thus indirectly reduce the pollu- 
tion potential of these industries. In addition substan- 
tial improvement in enerqy efficiency and conservation 
of non-renewable resources could be achieved bv the manu- 
facture of noods of lonoer durability. 
3 . 5 Re creational Uses 

(i) The consumption of enerqy for recreational nurooses is 

minor compared with other enemy consumers. However, its 
impact on the environment is believed to be bv far oreater 
and damaainn than its relatively small use would indicate. 
The extent of damaqe to aouatic and wild-life and the natu- 
ral environment is difficult to estimate due to the vastness 
and remoteness of some affected areas, 
(ii) The introduction of fuel into the water, especially in hiqh- 
intensity use areas, such as adjacent to marinas and boat 
landinos, can result in oily scums and oil films on the 
surface of the water. This is aesthetically detrimental 
and lowers the water quality. Aquatic life has been shown 
to be adversely affected bv these films, both at the surface 
and below. Greatest stress is placed on surface breathing 
oroanisms. 
(iii) The recreational use of hioh-powered outboard motors on 
small lakes and some rivers causes erosion of shores and 
banks and interferes with the reproduction of certain 
snecies of wildlife- It is also a cause of a orowino 
number of complaints due to excessive noise emission and 
the danqer of swimmers. 



(iv) The use of snowmobiles has opened up a new winter recrea- 
tional activity with benefits to the recreational industry 
in Ontario. The recreational use of snowmobiles results 
in adverse impacts on forest and plant communities, fish 
and wildlife, peonle and private nronerty due to excessive 
noise, snow comoaction, disturbance of wildlife, nronerty 
damacie and injuries to neople. 
(v) Motorized recreational vehicles such as trail bikes, dune 
buggies and air cushion vehicles have made it possible to 
travel to former! v nearly inaccessible areas. The use of 
such vehicles imposes environmental stress on undisturbed 
wildlife habitat areas, plant communities and shores and 
banks. Increased erosion, damage to trees and nlants, 
littering, noise, additional fire hazards ar° serious prob- 
lems. The reoulation of the recreational use of such vehicles 
to selected areas is necessary. 
4 • Le gal Aspec ts 

(i) Environmental leoislation enacted bv the Province of Ontario 
is the most extensive and comprehensive existinn in Canada. 
The federal program is just getting underway and its scopp 
and impact cannot yet be foreseen, 
(ii) The United States has enacted or is considerinn several 

novel measures Including (1) mandatory preparation of environ- 
mental impact statements that become part of the public 
record before a project or program is undertaken, (J?) taxinn 
certain types of pollutant emissions or fuel additives, 
(3) setting maximum emission levels from fossil-fuel nower 
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Generation stations, some industries, and automotive 
vehicles and (4) establishing rules for power nlant 
sitino with Dublic hearinas. 

5. Environmental Quality - 1991 

(i) In order to maintain reasonable air ouality in Ontario 
to 1991, fossil-fuel plants should be sited no closer 
than 30 miles apart and at least 30 miles from the areas 
of (1) the Toronto reqion, (2) Hamilton, (3) Windsor, 
(4) Sarnia, (5) Sudbury and (6) other special areas until 
extensive pollutant control systems become available and 
are used. 

(ii) The strateqy of abatement and control of air and water 
pollutants from all sources is hiohly preferred over the 
strategy of dilution. 

(iii) The water quality in the Great Lakes in the years of l^^l 
will laroely depend upon the Canadian and American effort 
undertaken in accordance to the recommendations of the 
International Joint Commission. 

6. Longer-Range Implications 

(i) There are definite environmental limits to growth patterns 
which induce a stress on the environment, includino the 
exponential orowth of energy consumption. 

(ii) M odest climatic changes are now occurrino in urban areas. 
This trend will continue and cover wider and wider areas. 
Global climate chanqes of major proportions are not likely 
by the end of this century but appear to be a distinct 
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possibility in a hundred years or so. 
(iii) A comnlex computer model of qlobal dynamics by Jay 
P orrester predicts some disturbinq conseouences by 
the middle part of the next century in which the growth 
of the global society is limited by the depletion of 
natural resources or by a "pollution crisis.' A stable 
qlobal situation accordinn to his model will only result 
by some form of a "zero qrowth" societv. His model is 
based upon many assumptions which are currently beinn 
questioned and investiaated; however, it is receivinn 
world-wide attention. 



- ?9 - 



II RECOMMENDATIONS 

An assessment of the environmental impact of obtainina, processinq and 

utilizing energy resources in Ontario has resulted in the followinq 

recommendations: 

1 . Decision-Making and Regulation 

1 .1 Environmental Impact Statements 

It is recommended that the Ontario Government establish a policy 
of requiring that Environmental Impact Statements be completed 
and evaluated before the implementation of any new program or 
projects which would significantly affect the environment . This 
requirement is specffically recommended for all projects invol- 
ving energy use or conversion both public and private such as 
the installation of power qeneration stations, the routinq of 
transmission lines, the development of the Onakawana liqnite 
deposits and further development of uranium resources, etc. It 
is also recommended that this policy be adopted in the planning 
of new freeways, airports, giant urban complexes and similar 
projects because of the consequent effects that these develop- 
ments have on the environment. Moreover, it is suqqested that 
Environmental Impact Statements be used to govern private 
industrial development insofar as they do not comprise the 
propriety riqhts of individual companies. The proposed Environ- 
mental Impact Statements would establish the need for the project, 
predict environmental consequences, and indicate the alternatives 
examined. The statement must play a real part in the decision- 
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making process and should not be preoared merely to justifv 
decisions already made. 

1.2. Public Involvement 

I t is recommended that the fact-finding an d decision-making 
processes for new programs , the i r environmental implications , 
and the alternatives be shared with the public . The Environ- 
mental Impact Statements and comments on them from government 
agencies should become public information and some procedures 
established whereby the public and citizen aroups can express 
their views in an effective manner. One exception would be 
that the propietary rights of private business, patent inform- 
ation, and other factors affectino their competitive position 
would not be disclosed to the public. 

1.3. C ontinuity and Review 

It is recommended that some mech a nism be established whereby 
there is (a) a continuity and assessment of policy wi th regard 
to environmental protection and (b) a review process for ex ist- 
ing plants and installations . The review process should take 
place when required at the option of the reciulatory authority 
assigned the resnonsibil ity for impact statements and may include 
the preparation of a modified form of Environmental Impact State- 
ment and a public hearing. 

1.4. The Role of Existing Regulatory Agencies 

I t is recommended that the existing reg ulatory agencies of the 
Provincial Government (principally the Minis tries o f the Envi ro n - 
m erit. Natural Resources, and Health) continue to estab lish the 
cr iteria for achieving and improving the quality of our environ - 
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ment in all respects . There is, however, a need to co-ordinate 
the activities and responsibilities of these anencies with 
each other and together with other Provincial commissions, 
committees and task forces on matters such as: 

(a) site environmental studies 

(b) ecoloqical studies 

(c) evaluation of abatement methods 

(d) monitoring proqrams 

(e) all other Droarams of common environmental 
interest. 

Mo reover, it is recommended that Ontario continu e its effor ts 
to establ ish multila teral cri teria and control p rograms with 
ap propriat e States to imnrove t he environme n tal Quality in 
international boundary reqions. 



1.5. Conservation 



Enerqv use in most of its forms causes a significant imnact on 
the environment. Increasino consumption patterns suqqest that 
the impact will become more serious in thp future. Reduction 
of the unnecessary consumption of our enemy resources could 
provide an effective abatement strategy. Conseouently , it is 
recommended that the Ont ario Go vernment take stronger steps tn 
meet its commitment of ensurinn that eneroy is used as eff i ci ent- 
l v as possible . It should consciously encourage the mos t effi- 
cient uses of our energy reso urces i n all sectors of society 
and ens ure that the price structure a dequately reflects the 
benefit s to society of employing the m ost efficient eneroy sonrc o 
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The advertisinq and marketina policies and rate structures of 
the energy industries could be designed to encouraae conser- 
vation of enerqv bv discouraoinn the unnecessary demands for 
inefficient energy. 



2 . I mplementation of Recommended Policies for Decision-Making 

and Regulation 

It is recommended that a specific procedure or orqanization 

be identified to carry out the policies recommended above. 

This might be achieved in a number of ways, but two SDecific 

suaoestions are outlined below: 

(i) The Minister of the Resource Development Policv Field 
or the Minister of the Ministry of the Environment 
should be responsible for implementino the administra- 
tion and co-ordination of the Environmental Impact 
Statements, utilizinq Ministers and personnel in various 
Departments in his policy Field, as well as from other 
Policy Fields. He would request the preparation of 
Environmental Imnact Statements for existing installa- 
tions when deemed necessary in consultation with other 
Ministers. After the Environmental Impact Statement 
is prepared by the submittina agency, it is circulated 
by the Minister or his desianate to appropriate govern- 
mental aqencies in all Policv Fields for comment and 
evaluation. He would also have the responsibility for 
establishinq the required public hearinos and he or 
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his designate tonether with his staff and advisors 
would have the independent responsibility for reviewino 
and evaluating the Impact Statement and all comments 
(governmental and public), publishing their conclusions 
and reporting and advising the Policy and Priorities 
Board and the Provincial Cabinet on appropriate action. 
This method has the advantaqe of making use of the 
existing government framework, 
(ii) Alternatively, a broad-based eneray regulatory board 
could be established by law to consider all aspects 
of energy use in Ontario and with the authority to 
approve and reject proposals. Consideration of environ- 
mental issues through the impact statements would only 
be one aspect of the board's activities. Other activities 
could include, reserve forecastino, resource develooino, 
price structure, etc. It could be made up by appointment 
of specialists in many fields (engineering, economics, 
law, ecology, etc.) and representatives of the public. 
The board would (1) utilize experts in appropriate 
government agencies to assist in the evaluation of the 
Environmental Impact Statements or other material, 
(?) hold hearinqs on all aspects of eneray use, and 
(3) request additional studies if necessarv. Positive 
decisions by the board to proceed would be referred 
to the Cabinet so that additional factors could be weighed 
before a final decision is reached, A nenative decision 
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of the board not to proceed for technical reasons 
would require no further action. This approach has 
the advantaqe that it considers environmental problems 
in a broader context and may fit into a broader policv 
recommendation. 

3. Recommendations on Energy Resource Development 

3.1 Control of Radioactive Releases 

It is recommended that future extraction of uranium ores take 



place with adequate environmental protection. The following 
steps are necessary for the protection of environmental quality 
in the area necessary for the protection of environmental quality 
in the mining areas : 

(1) Stabilization and maintenance of all abandoned tailinqs 
areas to secure, in perpetuity, their containment inclu- 
ding isolation and cover, and erosion control. Collect- 
ion and treatment of seepage and runoff should be pro- 
vided by the mining companies or their successors respon- 
sible for the disposal sites. Legislation dealinq with 
stabilization of tailings areas by vegetation or other 
methods should be extended to include abandoned areas 
and, as required, treatment of seepage and runoff, 
(ii) Mining companies pursue the use of improved process and 
waste treatment techniques such as sulfide removal. 
Priority be given to the control of dH and toxic comDOunds 
such as heavy metals and ammonia. 
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(iii) Prohibition of the use of lake basins for containment of 
tailinos at new mininci locations, 
(iv) Further studies are needed to examine the total human 
intake of radioactivity throuah air, food and water in 
those areas where waters containina significant Quantities 
of radio-nuclides are used for domestic water supply. 
It is expected that the radiation dose resultinn from 
short-term use of these supplies does not present a sig- 
nificant hazard to health: however, it would be advisable 
to consider alternate supplies since any unnecessary 
exposure to radioactivity should be avoided. 
I n view of the growinn consumption of energy and the exi sten c e 
of other environmental fo r ces directing us toward the installa - 
tion of ever-increasing nuclear power capacity, it is recomme nded 
that the following policie s be adopted. 

(a) Radioactivity in the aquatic and atmospheric environ- 
ments attributable to controlled releases from all 
operations be kept to the lowest practicable level. 

(b) /\11 release levels be carefully reviewed periodically 
and revised so that the build-uD of lona-lived radio- 
activity in the environment not unwittingly become a 
lenacy for future Generations. 

(c) The nuclear industry and nuclear power nlants not he 
allowed to release more radioactive material than is 
currently the practice. Moreover, the nresent leoal 
maximum release limits be immediately reduced to the 
lowest practicable levels. 
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(d) From an environmental viewpoint the use of breeder 
reactors be discouraged until their environmental 
conseouences are well-defined and judged tolerable. 
Further, the environmental impact of fuel -reproces- 
sing plants and uranium-enrichment plants be carefully 
evaluated and very low radioactive release levels 
established before they are allowed to operate in 
Ontario. 

(e) The total amount of radioactivity in the sediments, 
water and biota of the Great Lakes not be allowed to 
increase by the discharae from future nuclear power- 
plants. 

(f) Contingency plans to cover mass evacuation from nearby 
populated areas in the event of (a) leakage from a 
nearby nuclear generating station or (b) from a heavy 
water plant, be periodically reviewed as population trends 
change over the npxt two decades. 

3 . 2 Devel opment of Onakawana Li gni te Deposits 

The Northern Ontario environment is believed to be fraoile with 
respect to environmental stress. If the Onakawana lionite de po- 
sits are developed, it is recommended that this development 
be stri ctly contr olled to ensu re a minimum environmental impact . 
In addition, Fnvironme n tal Impac t Statements ar e recommended fo r 
all e nergy developments such as this . Such development should 
be preceded by complete ecological and environmental studies. 

The gasification of this lignite would ensure an environmentally 
desirable fuel for Ontario. Consequently, it is further recom- 
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me nded that an on site lignite gasification p lant be cons i - 
dere d in the development o f this resource, and that the 
research and development work needed to promote this develop - 
ment concept be undertaken . 

4 . Processing of Fuels 

4.1 Crude Oil 



(i) To minimize the adverse effects which would almost 

certainly result from a major spill of fuel oil or other 
hazardous materials, it is recommended tha t contingency 
planning activities receive a high priority within the 
Government and that an effective response capability 
be developed . 

(ii) Expansion of refinery operations may potentially increase 
discharge of pollutants into waterways. It is recom- 
mended that waste discharoes be reduced and be in strict 
compliance with the maximal permissible amounts of indi- 
vidual pollutants such as oils and phenols. 

(111) Continuation and intensification of the study of the 
origin of photochemical oxidants in effected areas 
of Ontario is recommended. /*n understanding of all 
factors involved is necessary in order to establish 
an environmental limit and meaninoful hydrocarbon 
emission and ambient air-guality standards. 

(iv) Process upsets which may result in excessive carbon 

monoxide and particulate emission from catalytic crack- 
ing units should be discouraged by provision of heavy 
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fines if such upsets occur relatively frequently, 
(v) Similarly, emission of malodorous compounds should be 
discouraged by provision of heavv fines for frequent 
violators. 
5. Recommendations Pertaining to Utilization of Fuels and Energy 
5.1 Electrical Power Generation 

Ontario Hydro is interacting more strongly with Provincial 
Government Ministries on environmental matters. Since the 
organization is an agency of the Ontario Government and the 
government's stated policy is to provide adequate enerqy 
supplies and to achieve a satisfactory environmental quality, 
electrical Dower production should implement both aspects of this 
policy, 
(i) Increased electrical power oeneration will result in 

more widespread environmental degradation in the future. 
Recognizing and accounting for external diseconomies 
is an important first step towards improved environ- 
mental quality, and aid in resolving the basic conflict 
between power generation and environmental quality. 
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( 1 i ) It is recommended that advertising, marketing poli - 
cies and rate structures be designed to encourage 
conservation of electricity as long as the production 
of electrical power has a significant impact on the 
environment as it does now . A pricing policy for elec- 
trical power should also encourage the use of pollution 
abatement eguipment by industry and municipalities thus 
shifting consumer preference away from products which 
use electricity inefficiently and therefore have a larger 
impact on environmental gualitv. 

(iii) Electrical power production achievement should be judged 
not only on how efficiently and economically power is 
produced, but also on minimizing the overall impact on 
the environment. 

5.1.2 Expansion of the Environmental Program 

Ontario Hydro has an Internal research and development program 
in pollution control, supports work 1n other organizations and 
employs environmental consultants. Their research and develop- 
ment work related to environmental matters is about 10 to 15 
percent of their total research and development program. 
It 1s recommended that an expanded research and development 
program be carried out in those problem areas which are unigue to 
Ontario by virtue of its geographical location and climate and 
which are attendant to power production by large energy genera t1 on 
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centres being planned . Some areas requiring research are (a) the 
effects of large onshore discharges of coolinq water on lake currents 
and ecosystems, (b) analytical and exDerimental investigation of the 
Dotential of icing and fogging from cooling towers and laqoons and 
investigations of the aerodynamic interference of the cooling tower 
on its discharge plume, (c) undertaking of conceptual studies of 
the beneficial uses of waste heat. 

The Commission already has research and develoDment work underwav 
in pollution control, but the problems are of sufficient importance 
that their existing Drooram should be increased. Several specific 
suggestions are made in the body of the reoort. An expanded inves- 
tigation of the removal of sulfur dioxide and oxides of nitrogen 
from flue gases, the study of fluidi zed-bed combustors, the develop- 
ment of new transmission methods or underground cables are note- 
worthy among these. Because the Commission cannot be expected to 
work extensively toward the solution of all environmental problems 
associated with electrical power production, the regulatory agencies 
could aid in establishinq priorities so that necessary environmental 
quality goals may be achieved. Further, Ontario cannot afford to 
await for these problems to be solved elsewhere. 

5.1.3 Generation Plants with Minimal Environmental Impact 

Each type of generating plant produces a very different kind of 
imDact on the environment. As a result, it is difficult to 
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make meaningful comparison. Nevertheless, it i s believed that 
a nuclear plant using the CANDU system will produce a lower 
overall environmental impact than other conte mporary power gene- 
ration systems provided the following steps are taken : 

(a) Uranium mining practices recommended previously are 
followed. 

(b) The release limits of radioactive emissions into the 
water and air are reduced to the lowest practicable 
levels. 

(c) Methods to dispose of radioactive waste from an expanded 
nuclear power-qeneration industry in the next two decades 
are to be carefully investigated now. 

The following auidelines are recommended: 

(a) To improve air quality - the installation of future coal- 
or oil-fired plants be avoided in the southern portion 

of the Toronto Centered Recn'on and in any case laroe 
fossil -fuel power generation centres of 4000 MW and 
greater not be spaced less than 30 miles apart in other 
regions. 

(b) To improve air quality - natural gas be reserved for use 
where other emission control measures are not practical. 
Its use is not recommended for future generation stations 
where other control methods can be employed. 

(c) To improve air quality - Ontario should strive to achieve 
a Canadian policy of retainino environmentally desirable 
natural oas for Canadian use. 
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(d) To improve water quality - once-throuqh cool inn not 

be allowed for future plants sited on the Western Basin 
of Lake Erie. 

(e) To maintain v/ater quality - in other areas where harmful 
effects can be predicted, alternative cool inn facilities, 
which will not seriously impact the aquatic environment, 
should be employed. In those instances where potential 
harmful effects may exist, but cannot be clearly nredicted, 
power plants should be initially desinned so that alter- 
nate cool inn facilities can be added at such time as evi- 
dence indicates sionificant adverse effects. Cool inn 
water discharnes should not alter local existinn circula- 
tion patterns such that other water uses are seriously 
depreciated, or spawninn and fishinq orounds are affected. 

If future development of hydroe lectric plants is undertaken the 
foil owing is recommended : 

(a) Lonrj-term studies are necessary to investigate future 
water needs and the potential consequence of major diver- 
sions. 

(b) An Environmental Impact Statement be required for the 
development of future hydroelectric power developments. 
It may include or snecifv the completion of an ecoloqical 
and socio-economic study of the r^oion. 

(c) Land should be purchased and manaqed for public access, 
boat-launchinq, shore fishinq and other facilities within 
the reservoir levels should be maintained for optimal recrea- 
tional benefits. 
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(d) Migrations and SDawnino and culture of fish should he 

maintained. When spawnina habitat is lost, stockinn and 
spawning channels be provided. 
5 . 2 Reco mmendations Per taining to Transportation 
5.2.1 Automotive 

Legislation governing air pollution control devices on new vehi- 
cles is established by the Federal aovernment. The technolooy 
needed to satisfy the legislation is primarily beinn develoDed 
in the United States. Ontario can take some steps in this 
important area : 
'• ( a ) Automotive emissions should be reduced to a level 

corresponding to the 1973 federal emission standards. 
If there is any question of not implementing 1Q76 
standards in Ontario , a complete review coverinn all 
environmental , soci al , and economic factors should be 
undertaken before a decision is made . The 1976 standards 
will reauire expensive abatement devices to control 
emission of the nitrogen oxides, an innredient in 
photochemical smog. The recommended review should 
consider; 

(i) The need of the abatement devices in Ontario, 
(ii) A detailed investi nation of the potential for 
photochemical smog formation in Ontario cities 
(iii) The economic impact on the Province should be 
compared with the environmental benefits 
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derived. 

(iv) The possibility of restricted international 

vehicle travel between countries with differ- 
ent auto emission standards. 

(v) The problems introduced by different automo- 
tive fuel standards between Canada and the 
U.S. relating to lead content and octane rating. 

( b ) R egulations restricting automotive emissions should 
also provide that e mission standards a r e to be met 
during the normal use of the vehicle . F f f ec t i vp 1 v - 
administered emission control tests should be reguired 
at regular intervals of about one year. 

(c) Adoption of lower lead standards in ambient air is 
recommended and a reduction of the maximum permissible 
level of TEL in gasoline should be considered. Alter- 
natively, reaulatorv price policies could be intro- 
duced in order to provide an incentive for consumers 
to buy unleaded or low-lead instead of leaded naso- 
line. 

(d) Legislation against unnecessary idlinq of all motor 
vehicles in urban areas should be introduced and 
enforced. 

2. The conversion of urban vehicles to natural gas or nronane 
should be encouraged by tax incentives and other methods. 
The conversion of some provincial vehicles should be con- 
tinued and fleet operation experience thus obtained. This 
recommendation is contingent upon the foresiaht of the 
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Advisory Committee on Enerqy in renard to the lonq- 
range availability of such fuels considering the other 
uses of natural gas recommended herein. 

3. Fvery practical effort should be made to eliminate un- 
necessary use and losses of deicinn salt. Direct dispo- 
sal of snow on lakes or rivers should be eliminated 
wherever possible and suitable land disnosal sites with 
facilities for trapping the suspended solid, oil and 
debris should be provided. 

4 • Effective noise co ntr ol measures must include control of 
noise emissions at the source . Regulations restrictinn 
noise emission for new motor vehicles to increasinnly lower 
future levels should be introduced and should SDecify that 
noise standards are to be met durina the normal use of the 
vehicle. Replacement equipment which emits hinher noise 
than the original equipment should be banned from sale. 
Adequate provisions should be made to enforce the nois e 
emission standards durinn the operation of vehicles i n 
order to protect the public from persistent offenders . 

5 . Fnvironmental Impact Statements are recommended in the 

planning of new freeways and major highways . They should 
at the minimum evaluate the problems of noise, air pollu- 
tion and effective land use. 
5.2.2 Mass Tran sportation 

Clearly the best lono-term solution to the problem of automotive 

pollution is to reduce the use of automobiles in urban areas. 
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This may be achieved by providinq fast, economical and comfort- 
able mass-transportation. Consequently, it is strongly recom - 
mended that efforts in providinq mass transportation systems in 
heavily populated areas be intensified . The Province could lead 
the way in North America in this field. The following steps are 
recommended : 

(i) Long-term development of cheap, fast and efficient 
mass transportation systems. Expansion of existing 
systems and planning and provision of additional mass 
transportation systems for large urban areas, 
(ii) Promotion of public transit over urban automobile 
travel by provision of increased comfort and relia- 
bility. Provision of adequate and free terminal park- 
ing and minimal fare rates . Cars in downtown areas of 
large cities be further discouraged. Possible methods 
include the introduction of regulatory policies to 
increase parking rates for day-lono downtown parkinq 
and the restriction of on-street parkinq. 
(iii) The government via the Ministry of Transportation and 
Communications increase substantially research and 
development of new transportation systems. The poten- 
tial of new innovative mass transportation methods be 
assessed, 
(iv) Large developments in cores of urban areas be planned 
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in conjunction with the development of mass transit 
systems which are capable of handlina the increased 
passenoer traffic. Laroe new urban developments 
should require an assessment of their effect on the 
environment and commuter traffic which should be of 
major consideration for their approval. Environ- 
mental Impact Statements are recommended *or such 
projects. 
5 . ? . 3 Avia tion and Airports 

(i) Aircraft and airports do not present serious air- or 
water pollution problems. However, smoke, odor and 
hydrocarbon emissions from jet aircraft enoines should 
be reduced by an early implementation of emission 
control by available technology, 
(ii) Noise emission of jet aircraft while ascendino or descend- 
ino be reduced within the limits of acceptable safety to 
airplane operation. Flight oaths of ascendino or descend- 
inn aircraft should avoid densely populated areas. Th^ 
use of land surroundino major airports be planned in such 
a way that the effect of aircraft noise on the oooulation 
is minimized. 
( i i i ) New airport sites should require the submis sion of an 

Environmental Impact Statements which would be of major 
consideration for their approval . Plannino of new 
airports should be in due consideration of the potential 
impact on the environment. The size and capacitv of air- 
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oorts should be in accordance with an acceptable 
impact on air quality and noise level. 
5 . 3 R ecommendations Pertaining to Residential and Commercia l 

Impac t 

(i) It is recommended that stricter codes for new 

residential and commercial buildings be developed 
and that these codes be implemented as soon as 
possible. Such codes would serve to conserve energy 
and would assist in reducing the impact on air quality 
of these area-wide sources. 

( i i ) I t is recommended that the use of gas be reserved 

prima rily for residential and commercial uses and that 
electrical heatino sy stems be discouraged for the time 
being . The use of low-sulfur fuel apDears to be the 
best strategy for controlling sulfur-dioxide emissions 
from these numerous sources. From an environmental 
standpoints, (1) residential and commercial consumers 
in urban areas, (2) certain industrial users and 
(3) critical air-pollution abatement application should 
have priority for natural gas. It is also recommended 
that sulfur restrictions in fuels be implemented where 
$0£ emissions from residential or commercial buildinos 
constitute a oroblem. 

( i i i ) It is recommended that more effici e nt tvnes of combus- 
tion systems of lower pollution potential be deve1ope< \ 
for residential and commercial buildings and that future 
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developments of residential and commercial heating 
systems consider ways of reducing emissions of the 
nitrogen oxides. Government could assist in obtain- 
ing these objectives by grants or product develop- 
ment loans. 

(iv) Operational checks and adjustments of all residential 
and commercial furnaces on a regular basis be made 
mandatory. 

(v) It is further recommended that the feasibility of 

providing total energy systems for large residential 
and commercial developments be considered . Also, 
it is recommended that research be undertaken into 
methods of conserving energy and increasing the effi- 
ciency of energy use (both fossil fuel and electric) 
in residences and commercial buildinas and that an 
active program be undertaken to eliminate unnecessary 
consumption. 

5 . 4 Recommendations Pertaining to Energy Use by Industry 

( i ) It is recommended that a policy of requiring Environ- 
mental Impact Statements for future applications of fossil - 
fuel and nuclear energy resources by industry be established 
This recommendation is made specifically for eneroy appli- 
cations because this is the area of responsibility of the 
Advisory Committee on Energy. 
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(.11) It is recommended that the use of natural oas or low - 
sulfur coal by industrial consumers be controlled so 
that adequate supplies will be maintained in the 
future where it is necessary for the manufacturina 
process or where no other air-pollution abatement 
methods is possible. Similarly, as it becomes scarcer, 
the use of low-sulfur coal should be restricted to 
those operations where it is essential. 

( i i i ) It is recommended that incentives be provided to industry 
to complete the research and development work of coal- 
gasification and promote development of large scale faci- 
lities in Ontario which would have minimal environmental 
impact . In this manner, it may be possible to develop 
the Onakawana lignite as an environmentally clean enerav 
resource for all of Ontario. 

(iv) Because many products require much less eneray if recycled 
than if produced from virgin materials, it is recommended 
that the use of recycled materials in the production process 
by regulatory tax policies, development grants or other means 
at its disposal be encouraged. Where incentives are in 
federal jurisdiction, the Province should press the federal 
government for similar policies. 
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5 . 5 Recommendations Pertai rrinn_t o Recreation EneraLJjses. 

The use of enerpy in recreational vehicles nor se causes modest 
environmental nroblems. However, the use of the vehicles them- 
selves may cause serious lono-term effects. In view of these 
factors the following recommendations for f urther action are 

made: 

(i) Leqislation is needed to provide for the limitation of 

the size of motorized vehicles, and, in Darticular, 
outboard motors. The reflations under such leoislation 
should provide for the limitation of the size of motors 
in accordance with the size of the waters desionated for 

such control . 
(ii) The use of motorized recreational vehicles, such as 
snowmobiles should be limited to desionated areas. 
Leoislation should provide for a method which will 
permit the easy identification of snowmobiles and other 

vehicles . 

(111) Areas of land and water needed for the survival of 

plants, animals, and other life, which are rare or in 
jeopardy, should be described and should be desionated 
under existino or new leoislation as areas not open to 
use bv motorized recreational vehicles. 

(iv) Noise reaulations oovernino the operation of motor- 
driven recreational vehicles of all kinds which are 
badly needed be promulgated under the Environmental 
Protection Act. 
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(v) Research and development to devise engines for motorized 

recreational vehicles which do not introduce fuel into 
water be given a high priority. 
6. Recommendations Pertaining to Land Use Planning 

(i) It is recommended that (where consistent with reliability 

of service) the concept of "the energy-transit corridor", 
qrouping transmission lines, pipelines, transportation lines 
toqether, thereby reducing the amount of land needed for 
utility easements be promoted. By having multi -utility 
easements planned in such a manner, the corridors can offer 
additional and needed recreational areas and also can 
provide rapid-transit riohts-of-way in urban areas. 
The following recommendations are made with respect to 
such corridors : 

(a) Investigate the use of transmission line riqhts-of- 
way to serve also for a rapid surface mass-transport- 
ation systems with a low a1r-and noise-oollution 
potential . 

(b) Intensify studies on multiple use and utilize 
rights-of-way for recreational purposes. Acce- 
lerate studies on how to obtain additional multi- 
ple use values from transmission lines by esta- 
blishing and maintaining low cover for wildlife 
habitat and food. 
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(c) Develop techniques directed toward the future 
replacement of major transmission lin^s with 
underaround cables in some areas, ''/here feasi- 
ble, replace lines over water by submarine 
cables. 

(d) Intensify studies to maintain or improve the 
aesthetic values of freeway, airports, nower 
generatino installations and transmission lines 
by sculpturing, visual screening, etc. 

(e) Locate laroe eneroy centers to avoid conflict 
with desinnated wilderness areas, "wild" rivers, 
valuable woodland and SDecial areas of ecolo- 
gical interest and/or historic significance. 

( M ) It is recommended that certain waste disnos al problems 
attendan t to energy use be m ore caref ully evaluated : 

( a ) Investigations should be initiated to determin e 
the overall impac t of the disnosal of radio- 
a ctive w astes a s well as chemical compounds formed 
as a res ult of flue g as cleaning methods . 

( b ) fl study should be undertaken to determine if 
O ntario may have any long-r a nge proble m in the 
disposal of nuclear wastes and whether the nresent 
division of responsibility for control of the 
disposal of such waste with the Federal Government 
will be adequate in the future. 
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7 - Recommenda tions Pertaining to Long-Range Implications of 

Energy Use 

Various agencies should assume the responsibility for long-range 
studies of the conseguences of exponential growth, energy consump- 
tion and electrical power generation. The conflict between our 
way-of-life and the environment is no sharper than in the consumption 
of energy resources. These long-range environmental trends should 
be forecast as a natural extension of the activities of the Advisory 
Committee on Energy. 

Because ene rgy consumption cannot continue indefinitely in a 
finite world, it is recommended that a permanent body of experts 
an d leaders from a broad cross-section of society be appointed to 
stud y and make recommendations concerning the implications, timing 
and mechanisms involved in the limits of growth . Although these 
limits may not be reached for many decades, it is not too early 
to predict the long-term trends and conseouences of growth and 
to decide the means to optimize growth for the benefits of society. 
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III. ENVIRONMENTAL IMPLICATIONS OF ENERGY USE 

1 . Some of the Problems 

This section discusses the known and expected environmental 
degradation caused by energy use on the air, water, and land 
as summarized in Table 1. In most cases, degradation occurs 
in more than one facet of the environment. Corrective mea- 
sures to improve one environmental problem may result in fur- 
ther degradation of another environmental quality. Therefore, 
it is necessary to consider all environmental impacts and 
closely co-ordinate control measures to obtain an acceptable 
total environment. For the purposes of this study, an energy 
consumption forecast has been prepared (Figure 1). It is 
based on an exponential growth for the next twenty years. 
Clearly, any society cannot continue to expand in this manner 
over a period of time. 

1 .1 Effects on Air 

The impact of processing and using energy, is the dominant 
factor affecting the quality of the air. Many emitted conta- 
minants pollute the atmosphere, however, five major pollutants 
comprise by far the major load, i.e. particulate matter, 
sulfur dioxide, carbon monoxide, oxides of nitrogen and hydro- 
carbons.^ ' These contaminants are most prevalent in urban centers. 

An example of the atmospheric degradation resulting from the 

utilization of energy in an urban area is shown by the inven- 

(?) 
tory of air pollutants in the Toronto area/ ' Table 11 illus- 
trates that about 90 percent of the air pollutants in Toronto are a 
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TABLE II 

EMISSION SUMMARY BY POLLUTANT FOR METROPOLITAN TORONTO 

(PERIOD APRIL 1, 1971 to APRIL 1, 1972) 

MILLIONS OF LBS. EMITTED PER YEAR; IN BRACKETS: PERCENTAGE OF TOTAL 
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direct result of energy utilization in transportation, 
electrical power generation and heating. The automobile 
is the greatest single source accounting for 56 percent of 
the total pollutants (mainly carbon monoxide). The two 
electrical power generation stations generated an additional 
28 percent of the total pollutants (mainly sulfur dioxide). 
Detailed data of this type are not available for Ontario 
as a whole; however, the trends are expected to be somewhat 
similar to Toronto's for other urban areas. Improvements 
made in urban areas by the use of higher stacks result in 
increased ambient pollutant concentrations in the rural areas. 

The formation of smog is another urban air pollution problem 
distinct from the one outlined above. ' ' Under the influence 
of sunlight, the oxides of nitrogen and gaseous hydrocarbons 
interact to form a complex variety of secondary pollutants 
called photochemical oxidants. These compounds, together with 
other liquid and solid particulates in the air, are commonly 
known as smog. Automobiles and to a lesser extent electrical 
power stations are the prime contributors to photochemical 
smog. Because sunshine and still atmospheric conditions are 
needed to provide the energy and time for these reactions, 
it is apparent why the problem has arisen in Los Anneles, but 
is, at least as present, not severe in Ontario. 
1.2 Effects on Water 

The obtaining of energy by mining can cause acide drainane or 
radioactivity problems in the adjacent watercr .rses. These 
substances deny oortions of the downstream watercourse for other 
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uses. The disposal of radioactive wastes from mining has 

(4) 
caused significant water degradation/ The utilizing 

of energy has both a physical and chemical effect. Larqe 

volumes of cooling water discharge required for fossil - 

fired and nuclear generating stations change both the local 

temperature and natural movement pattern at the discharge. 

Chemical by-products are also introduced into the water 

stream. ' The physical effects of once-through cooling 

systems can be both beneficial and detrimental. 

There has been a large amount of discussion about discharging 
the waste heat from electrical power generation stations into 
the water. The main concern has arisen in the United States 
where large power plants have been located on relatively small 
and warm lakes and rivers. ' It is well-known that heat 
accelerates the biological decay process in water and reduces 
the capacity of the water to retain dissolved oxygen and other 
gases. Thus, heated vater can assimilate less biological 
waste. On the other hand the growth of aquatic plants includ- 
ing algae is accelerated. Also, increased water temperatures 
can interfere with or disrupt the reproductive cycles of fish 
and migration patterns. The short and long-term effects on 
the fishery, biological activity and the chemical and physical 
characteristics of all aquatic areas are not completely known 
at this time. 

Normal sanitary and industrial wastes discharged into the water 
must conform to existing provincial requirements. Regulations 
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regarding the release of radioactivity are presently under 
review by the Atomic Energy Control Board in co-operation 
with a number of Federal and Provincial agencies and revised 
water-quality objectives for radioactivity will likely be 
promulgated within one year. Specialized releases, like H^S 
emanating from heavy-water plants, must also conform to exist- 
ing provincial requirements. 
1 .3 Effects on Land 

Mining of energy resources has historical implications of affect- 
ing the aesthetics and future land utilization. The increasinn 
acidity of waters in mining areas are in part due to poor land- 
use practices. ' ' While the major known energy resources with- 
in Ontario are restricted to lignite and uranium, the develop- 
ment of these resources must be regulated to ensure that the 
land environment is protected. 

Hydroelectric power generation has direct effects on the use 
of land causes by varying the natural flow of streams and 
developing artificial impounding areas. Presently, most of 
the hydraulic potential for power generation in Ontario 
has already been developed and it is expected that future 
problems will be associated with flow regulations initiated 
to maximize power production. 

Transportation of energy creates aesthetic problems asso- 
ciated with electrical transmission lines and occupies 
large land areas. The problem of an accidental spill from 
energy conveying systems on land or water transportation 
and pipelines is ever present and intensifies with population 
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growth. The application of herbicides and defoliants to 
control vegetation growth on transmission line and pipeline 
rights-of-way may also give rise to a variety of problems. 
Many of these compounds are very persistent and tend to 
be concentrated in living organisms. The ultimate effect 
of these substances is not well documented. 

1 .4 Causes of Problems 

Profit seekers are often blamed for the degradation of our 
environment. However, there are more fundamental causes. 
A large majority of people have been willing to consume vast 
amounts of resources and energy, failing to understand that 
the modern way-of-life is basically responsible for the deter- 
ioration of our water, air and land resources. The prosperity 
of a society is directly related to its ability to compete 
economically with others. Consequently, it is economically 
difficult for one group, one industry, one province or one 
country to justify accepting its environmental responsibility, 
if its neighbours or competitors do not. A multi -lateral 
approach is needed to effectively solve environmental prob- 
lems. Its absence frequently only effects a partial solution. 
Unfortunately, this reasoning is more frequently becoming an 
excuse for no action. 

1 .5 Economic Incentives to Pollute 

Our present pricing system fails to take into account the damaqe 
a polluter inflicts on others. Air, water, and land are qene- 
rally regarded as "free goods". As a result, this system pro- 
duces very real, but hidden, external social costs which are 
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imposed on consumers and non-consumer alike. Although there 
is considerable controversy as to the actual hidden costs 
of pollution, the Environmental Protection Agency (EPA) 
estimates that the annual toll of air pollution in the U.S. 

on health, vegetation, materials and property values exceed 

(8) 
$80 per person per year. ' A somewhat lower, but similar, 

cost exists in Ontario. The cost of water pollution damage 
is less well documented. Clearly, there are increasing 
present-day losses in contaminated fish and potential future 
economic losses due to increased water-treatment costs. Costs 
of lost amenities and recreational opportunities are still 
more intangible, but none the less they are real economic costs, 
A price and/or tax structure that took environmental degrada- 
tion into account could shift consumer preferences and perhaps 
discourage the purchase of goods which are manufactured by 
pollution producing facilities. 
1 .6 Population Growth 

Population and consumption are the key to the environmental 
problem. Population growth was of no concern and encouraged 
in most parts of the world until a few decades ago. It has 
been somewhat difficult to recognize the potential problem in 
a country as sparsely populated as Canada, but when the weak 
life-support systems of much of our area are considered, there 
is greater cause for concern. Mushrooming population growth 
does not necessarily mean more polluted air and water, but it 
is more difficult to achieve and maintain environmental quality 
with the pressure of population growth in a given area. It is 
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interesting to notp that 20 percent f the world's popu- 
lation (North America, Europe, and Japan) is considered 

responsible for about 90 percent of the earth's environ- 

(9) 
mental damage. ' An average North America is reported to 

cause about the same impact on the environment as 200 

people in India or 50 in South America. The environmental 

impact of the population growth in Ontario will be increasingly 

felt. 

1 .7 Increased Urbanization 

Our environment provides natural mechanisms to clean and 

restore itself^. Some of these processes we understand, but 

most of them are still a mystery. ' Concentrations of 

people in urban areas intensify the pollution problem, yet 

urbanization continues to grow. For example, population 

forecasts for Ontario 'indicate that the Toronto-centered 

region will grow faster than the remainder of the Province 

by the end of the century. Statistics have shown that in the 

U.S. increased pollution is directly related to increased 

population; similar data is not available for Ontario due to 

the limited number of cities. 

The pollution domes of our cities as illustrated in Figure 2 
are becoming visible. This dome, due to urbanization, changes 
the climate of a city as outlined in Table 111. Many may 
feel that higher temperatures and fewer heatinq degree days, 
particularly in the north, are an advantage, but few people 
enjoy less sunshine and increased cloudiness, foq and rain- 
fall which also occur. 
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FIGURE 2 
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The urban dome 
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The urban thermal and pollution plume occurring 
when a regional wind is blowing. 
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TABLE III 



Average Changes in Climatic Elements Caused by Urbanization 



ELEMENT 



COMPARISON WITH 
RURAL ENVIRONMENT 



Contaminants: 

condensation nuclei and particles 

gaseous admixtures 

Cloudiness: 
cover 

fog — winter 
fog — summer 

Precipitation: 

totals 

days with less than 5 mm 

snowfall 

Relative humidity: 

winter 

summer 

Radiation: 

global 

ult ra violet — winte r 

ultraviolet — summer 

sunshine duration 

Temperature: 

annual mean 

winter minima (average) 

heating degree days 

Wind speed: 
annual mean 
extreme gusts 
calms 



10 times more 

5 to 25 times more 

5 to 10 percent more 
100 percent more 
30 percent more 

5 to 10 percent more 
10 percent more 
5 percent more 

2 percent less 
8 percent less 

15 to 20 percent less 

30 percent less 

5 percent less 

5 to 15 percent less 



0.5° to 1.0° C more 
1 to 2 C more 
10 percent less 



20 to 30 percent less 
10 to 20 percent less 
5 to 20 percent more 



(from reference 12) 
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As urbanization spreads, we qradually alter our climate over 
a wider area and continue to magnify our pollution problems. 
Controlling or placing a ceiling on urban size and maintain- 
ing rural areas between urban centers will be necessary to 
maintain a good air quality in the future. 
Other Factors 

Our very way of life in North America contributes to a large 
degree to our mounting environmental problems. Our affluence 
places a strong emphasis on consumer goods. Advertisinq pushes 
us toward over-consumption and develops a throwaway psychology 
as the norm. Natural things are steadily displaced by synthetic 
products by our rapidly developing but uncontrolled technology. 
The consequences of some of these changes are seen as to neqa- 
tively affect our overall quality of life already now. 
Impact of Energy Resource Development 
Inasmuch as Ontario is an "industry rich and energy poor" 
Province and imports most of its energy resources, some of the 
environmental damage attendant to its energy consumption will 
not occur in Ontario. The Province is fortunate in this sense. 
However, it must be realized that the present price of some 
of Ontario's energy purchases does not reflect the true cost 
of the resource. It is apparent that the cost of such fuels 
will rise in the future as the government and people in these 
areas become more environmentally aware and costly pollution- 
abatement measures are undertaken. 

An example of this trend may be found in the Appal achia coal- 
mininq area in the U.S. The coal mining industry there spent 
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6.1% of its capital investment in 1969 on pollution control 

(8) 
measures. This figure increased to about 8.5% in 1970. ' 

(13) 
With enactment of the pending Mined Area Protection Act 

in the U.S., pollution-abatement costs and hence the cost 

of coal imported from that country, would be expected to 

continue to rise. This trend will exist also for fuels 

imported from other Canadian provinces. Fuels imported from 

the undeveloped areas of the world, however, particularly 

the Southern Hemisphere, would likely be subject to lower 

pollution-induced price increases over the longest period of 

time. 

The following summary only applies to the impact on Ontario's 
environment of obtaining fuel. 
2.1 Onakawana Lignite Deposits 

At the present time all of the coal used in Ontario is imported 
and hence produces no pollution problems here. However, the 

Onakawana lignite deposits in Northern Ontario are being con- 

(14) 
sidered as an energy source. ' While the available technical 

information concerninq the Onakawana lignite deposit is sparse, 

fairly accurate generalizations can be made with regard to 

the probable environmental impact of mining the deposit. 

2.11 Water Pollution 

Since the Onakawana lignite deposit is overlain by an average 

of 65 feet of slit, sand and boulder clay, it appears unlikely 

that a conventional underground mining plan could be followed 

with any degree of safety. Consequently, a surface method 
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of mining which would minimize the impact on the environ- 
ment could be followed. A specific method is suggested 
in a brief analysis of the problem contained in reference 
15. 

The overburden heaps in the coal-producina Appalachia region 
of the U.S.A. generate acid mine drainage problems. However, 
the overburden of the Onakawana deposit will not aenerate 
acid mine drainage, because; 

(1) The material covering the Onakawana deposit consists 
of sand, gravel, limestone, shale and clay, which 
was deposited in the area as a result of glaciation. 
Iron sulfides, which produce acids, do not occur 

to any significant extent. 

(2) The overburden is quite alkaline in nature and will, 
in all probability, neutralize any acid that might 
be generated. 

The Onakawana River, however, runs directly across the extent 
of the deposit, as it is currently known. Consequently, if 
the water quality of the Onakawana River and other streams 
in that drainage basin are not be be affected by mining 
operations, considerable quantities of lignite adjacent to the 
rivers will have to remain untouched. Alternatively, the 
river itself might be diverted (into the Abitibi River) before 
it reaches the mining area. However, detailed ecoloaical 
studies of the area should be made prior to selecting this 
approach. 
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Publications from Australia indicate that lignite mining 
faces are continually subjected to a water spray in order 
to avoid spontaneous combustion. If water sprays are 
required at the Onakawana property, turbid runoff could 
occur. Due to the nature of the operations, however, runoff 
problems of major proportions are unlikely to develop. 

Finally, it is suggested that the deposit should not be 
developed unless the rehabilitation procedures required under 
the terms of Section 168 (1) of the Mining Act closely follow 
mining operations. The natural surface of the landscape would 
be entirely destroyed but spoil (waste) piles can be recon- 
toured and revegetated as mining progresses. Also, the 
recontoured waste piles should be revegetated with species 
native to the area. In this regard, revegetation and proper 
contouring will be difficult if not impossible during the 
long winter months. 

In summary, it is clear that a detailed study of the environ- 
mental problems is needed before the development of the area 
begins. However, preliminary studies indicate that acid 
mine drainage should not be a problem. Obviously, processes 
such as mining under wet conditions and coal washing could 
give rise to turbid effluents in the streams of the area. 
Land rehabilitation should and could be undertaken as mining 
proceeds. 

2.1.2 Air Pollution 

The mining of the Onakawana lignite should not cause any major 
air pollution problems. 
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2.1 .3 Impact on Land 



Past experience has shown in a variety of ways, that nature 
as a whole is in a state of dynamic equilibrium. It may be 
expected that mining and industrial activities in the James 
Bay area will affect this equilibrium. ' Environmental 
problems, which could occur, may be intensified when the 
environment is imperfectly understood, and especially when 
it constitutes special problems of temperature and drainage 
as does the northern regions in Ontario. The capacity of 
northern ecosystems for the assimilation and conversion of 
pollutants is not well-known. 

The prospect of opening the Onakawana deposits and the planned 
development by the Province of Ouebec of hydroelectric power 
sources in the area east of James Bay, will focus attention 
on the area, with its considerable potential in pulpwood, 
minerals, and water resources. The increasing demands for 
energy and food constitute pressures which may induce the 
eventual industrialization, land development and urbanization 
of this vast area, with attendant threats to the environ- 
mental quality and its complex ecosystem. 

The Province of Quebec has undertaken, or is planning, more 
intensive ecological studies of the natural environment. ' 
The Ontario Water Resources Commission together with the 
Federal Government have carried out a five-year water resource 
study ^ ■ 'but no eocological studies. The former Lands and 
Forests has initiated plans to carry out ecological studies 
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in this area. ' Initial phases have begun and a pre- 
liminary report on one aspect (wildlife inventory) has 

(21 ) 
been submitted. The impact on land and the ecosystems, 

if the Onakawana lignite field is developed, is concerned 

wi th : 

(1) The loss of the wilderness values of the area 
a result of the probable open pit mining 
activity. 

(2) The making of a large man-made body of water 
which may or may not be detrimental. 

Notwithstanding the fact that some environmental studies are 
currently underway or planned, knowledge of basic biological 
processes in these undeveloped northern regions is still 
scarce. Consequently, it is recommended that significant 
development of the region should be preceded by a compre- 
hensive investigation. 

2.2 Oil 

2.2.1 Water Pollution 

Oil production produces a very small impact on the aquatic 
environment in Ontario. At present, drilling is banned 
on all of the Great Lakes except Lake Erie, from which nas 
is taken. In the event that oil production is allowed 
on Lake Erie or the other Great Lakes, the consequences 
on the aquatic environment could be significant and would 
have to be evaluated in detail. The environmental concern 
centers about the possibility and consequences of accidental 
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oil spills during drilling and production operations. 
Such a prospect should be the subject of an Environ- 
mental Impact Statement. 

2.2.2 Air Pollution 

To date the oil producing areas have not produced signi- 
ficant air pollution problems. No future problems are 
expected unless massive new deposits are located. 

2.2.3 Impact on Land 

The impact on land from oil drilling activities is concerned 

with: 

(i) Staking and locatinq procedures in the field. 

(ii) Access road location and construction to the 

drilling and well sites and line cuttinq, etc., 
in connection with geological and maonetometer 
surveys, 
(iii) Location of drilling sites, 
(iv) Waste-disposal Dractices. 
(v) Prevention of accidental spills and fires. 
In the above, the main goals are to minimize the impact on 
forests, fish and wildlife habitat, landscape and aesthetic 
values through the application of approved plans and methods 
before, during and after the various stages of action re- 
quired in the exercise. 

Should oil or gas deposits in Northern Ontario be located, 
broad-based ecological studies, as outlined previously 
for the Onakawanaarea, should be carried out before develop- 
ment proceeds. 
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2.3 Gas^ 

Gas wells in Ontario are primarily restricted to offshore 
drilling rigs in Lake Erie. These rigs have presented 
a hazard to fishing gear in the past but are now fitted 
with equipment to fend off nets. These wells have not 
had a significant impact on the aquatic environment. 
At present most of the sources are distant from popu- 
lation centers and thus present a minimum air-pollution 
problem. 

2.4 Uranium 

Hundreds of deposits of uranium- thorium minerals are known 
to occur in Ontario. At the present, however, production 
comes only from Elliot Lake and Bancroft areas. By 1991 
Canada may have 30,000 to 50,000 MW of installed nuclear 
power plant capacity of the CANDU type. As a result the 
total nuclear fuel requirements will be modest compared 
to known reserves. The world's total nuclear power plant 
capacity may be over 30 times that of Canada; consequently, 
the availability of world markets and the desire for 
exports may determine if a significant quantity of Ontario's 
uranium is to be mined, and what the subsequent impact to 
the environment may be. 

The discussion below covers the environmental impact of 
mining and milling uranium because this first processing 
step occurs in the mining areas. The impact of further 
refining the uranium ore is discussed in the next section. 
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2.4.1 Water Pollution 

The mining of uranium results in a siqnificant impact upon 
the aquatic environment. Vein and pegmatite deposits tend 
to be relatively small and do not contain sianificant (from 
an environmental standpoint) quantities of re-active (iron) 
sulfide minerals. The Bancroft deposits are of this type. 
Serious water quality problems such as the generation of 

acid mine drainage do not occur as a result of mining and 

(22) 
millinq these deposits. ; Approximately 80 percent of 

the present Canadian production, however, comes from the 
pebble conglomerates of the Elliot Lake district. These 
conglomerates, unfortunately, contain sianificant concen- 
trations of (iron) sulfide minerals which, at present, 
have no economic value. Discarded as waste, these sulfides 

react to form acid-producing water soluble salts, causinn 

(22) 

mine-drainage problems. 

The disposal of uranium mining wastes, using practices 
which were considered to be standard in the mining industry, 

has resulted in serious long-term radiological and chemical 

(4) 
pollution of the waters of the Serpent River basin. 

The main sources of the problem are the waste-water dis- 
charges from both active and abandoned tailings areas, 
which have resulted in increased radioactive Ra-226 levels 
in almost all waters of the basin, severe depression of 
pH and excessive increases in dissolved solids, sulfates 
and nitrogen levels, and sharp reductions in fish popu- 
lation and other forms of aquatic life. 
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The most sicwificant impairment was evidenced by increases 
in RA-226 in the water by factors of 50 to 200 over the 
background levels in certain lakes, which decreased 
linearly with distance downstream from the emission loca- 
tion. Average RA-226 levels in the basin are shown on 
Figure 3. Levels above 3 pCi/1 exceed the desired water 
quality value. Since chanaes in other water quality 
parameters generally followed a similar pattern, the 
Ra-226 distribution can be used as a general indicator 
of water pollution in the basin. 

Significant quantities of radioisotopes have been concen- 
trated by the aquatic organisms. Althouoh some radio- 
activity was absorbed by fish, consumption of fish flesh 
appears to present no public health hazard. Finally, 
the residents in uranium mining areas do receive slightly 
higher doses of radioactivity than persons in the rest of 
the Province. The main source of the increased dose is 
the use of water. 

The main impairments in the chemical quality of the water 
were the serious depression of pH and the 8 to 15 fold 
increases over background levels of dissolved solids, 
hardness, sulfates and nitrogen. The flow-through time 
for the largest lake in the system is estimated to be 
about 3 to 4 years. Thus, it may take several years before 
the effects of neutralization of the seepage and wastes 
can be measured. However, once the pH levels in the water- 
shed are restored, ammonia may become a serious hazard to 
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Table IV summarizes the pollutant waste load for the 
Elliot Lake region, corresponding to a production of 
4500 tons of uranium oxide. Without corrective mea- 
sures these wastes will increase directly with increa- 
sing production. 

In the future, the uranium mining industry must revise 
its practices for use of water and waste disposal systems. 
The following steps are necessary for the protection of 
environmental quality in the mining areas: 
(i) Stabilization and maintenance of all abandoned 
tailings areas to secure, in perpetuity, their 
containment including isolation and cover, 
erosion control and, as required, treatment 
of seepage and runoff should be provided by 
the mining companies or their successors res- 
ponsible for the disposal sites. Provincial 
legislation dealing with stabilization of 
tailings areas by vegetation or other methods 
should be extended to include abandoned areas 
and, as required, treatment of seepage and 
runoff, 
(ii) Mining companies should pursue the use of improved 
waste treatment techniques such as sulfide removal, 
and if necessary, ion exchange, reverse osmosis, 
etc., should be considered to improve the chemical 
quality of mill wastes and tailings. First Drio- 
ity should be given to the control of pH and toxic 
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TABLE IV 



Waste Loading into Serpent River Basin (19&6-1969) 



(4) 



Type 


Yearly Average 


Ra-226 


mi c ro c ur ie s /day 


4,300 


Alpha Emitters 


microcuries/day 


39,000 


Beta Emitters 


microcuries/day 


38,700 


Dissolved Solids 


lb/day 


301,000 


Total Nitrogen 


lb/day 


8,300 


Sulphates 


lb/day 


171,000 


Iron 


lb/day 


2,100 


Chlorides 

1 . 1 . . 


lb/day 


8,500 
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compounds such as heavy metals and ammonia, 
(iii) Use of lake basins for containment of tail inqs 

at new mininn locations should be prohibited. 
(iv) Further studies are needed to examine the total 
human intake of radioactivity through air, food 
and water in those areas where waters containing 
significant quantities of radionuclides are used 
for domestic water supply. It is expected that 
the radiation dose resulting from short-term use 
of these supplies may not present a significant 
hazard to health; however, it would be advisable 
to consider alternate supplies since any unneces- 
sary exposure to radioactivity should be kept to 
a minimum, 
(v) Further studies are needed to define the levels 

of dissolved solids, particulary sulfates, neces- 
sary for restoration and maintenance of a healthy 
balance of the aouatic life. 
2.4.2 Mr Pollution 

In some areas of the world airborne radioactive substances 

have been identified as responsible for increased occasions 

(23) 
of lung cancer. In mining uranium the main problem is 

gaseous radon and its decay products. Forced ventilation 

through stacks is usually used with air-cleanina equipment 

and as a result, the quantity of airborne dust released 

to the atmosphere is usually yery small. Dilution in the 
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atmosphere makes their concentrations insignificant rela- 
tive to the amount of these qases normally present. 

While the residents of the uranium mining and millinq areas 
are exposed to somewhat higher levels of radioactive wind- 
blown particles, this is a minor source and does not repre- 

(24) 
sent a serious health problem. ' Future increased levels 

of uranium mining will increase the atmospheric levels of 
radioactive substance. 
2.4.3 Impact on Land 

The impact on land from uranium mining activities is con- 
cerned with: 
(i) Prevention of increase of radioactivity in soil, 

plants and animals, 
(ii) Disposal of the mine wastes in or over the land, 
(iii) Staking procedures in the field and access -road 

location and construction for prospectinq and 

mining. 
In the above, the main goals are to minimize the impact on 
plants, wildlife habitat, landscape and aesthetic values 
through the application of approved plans and methods. 

3. Impact of Transporting Fuels 

3.1 Coal 

The transportation of coals does not create environmental 
problems, but unloading and storage of coal results in 
localized wind-blown dusting. This can be partially con- 
trolled by the use of additives. Further, the use of air 
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curtains (that is sheets of moderate velocity air) 

(25) 
shows good promise for the containment of such dusts.. 

New installations should be equipped for the prevention 
of wind-blown coal. It is believed that present techno- 
logy can control these dusting problems in the future. 

Large consumers of coal require extensive stockpiles 
(as shown in Figure 4), and these together with their 
continuous relocation produce local air-pollution prob- 
lems which are of major importance to the neighbouring 
residents up to about two miles. Future stockpiles will 
become both larger and more numerous, but this problem 
can be handled in the future by existent technology. 



3.2 Oil 



A potential danger to the aquatic environment is the possi- 
bility of a major spill arisinn from either a pipeline break 
or a collision between vessels transportino oil. In the 
report of the International Joint Commission on the Pollu- 
tion of Lake Erie, Lake Ontario and the International 
Section of the St. Lawrence River, it is stated: 

"although the likelihood of a major oil spill 
on the lakes is fairly remote, the risk is 
real and continuinci. The loss of 1000 tons 
of bunker fuel or similar petroleum product 
would be enough to pollute extensive areas 
of the lake and many miles of shoreline. The 
immediate consequences of such a disaster 



- S3 - 



FIGURE 4 




View of Lakeview Generating Station, including coal pile, near end of shipping season. 
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would be the damages to water supplies, bath- 
ing beaches and other receational facilities, 
as well as the destruction of large number of 
waterfowl. The effects of oil pollution on 
the littoral ecology are largely unknown but 
experience elsewhere indicates that some of 
the methods used to remove or disperse the oil 
are more harmful than the oil itself. '^ 27 ' 
In order to minimize the adverse effects which would almost 
certainly result from a majorspill, a comprehensive program 
for combatting spills must be developed. In this regard, 
an Interim Province of Ontario Contingency Plan for spills 

of oil and other hazardous substances has been formulated' 28 ' 
but has not yet been established as effective and viable 

solution to the spill problem. 

Because a massive spill on the Great Lake or connecting 



waterways might also affect the U.S.A., both Federal 
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and International^ Contingency Plans have been developed. 
Depending on the severity of a spill, the Province of 
Ontario Contingency Plan only might be implemented, however, 
if an escalated response was necessary, the Federal Plan 
would be implemented. If U.S. waters were beino affected, 
then the International Contingency Plan would be implemented. 
All three of these Contingency Plans have been formulated 
to complement each other in the event that an escalated 
response is necessary. 
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Several separate problems attend oil pipelines. Because 
the pipelines carry very large volumes of oil between 
gate valves, this presents a serious but local problem 
from the released oil on the land, unless it is close 
to a population center in which case the danger of fire 
is considerable. Environmental damage in oil-soaked 
areas usually results in denuding of vegetation, especia- 
lly if crudes or light fuels are involved. 

Experience in the U.S. indicates that around water mav be 
contaminated in instances of disposal of oil -soaked material 
or dirty oil by burying. Although evaporation would be of 
assistance in a surface spill, the shallow nature of much 
of Ontario's ground water could result in contamination 
of ground water. 
3.3 Gas. 

There are no water-or air-pollution problems associated 
with the transportation of natural gas with the exception 
of an accidental release of the fuel. The problems atten- 
dant to production of gas through coal gasification are 
described later. 

The impact of transporting and processing gas by pipeline 
is concerned with: 
(i) Location of the pipelines, 
(ii) Access road location and construction 
(iii) Location of gas-line pumoina stations and other 
facilities. 
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(iv) Waste-disposal practices, 
(v) Maintenance procedures and methods, 
(vi) Prevention of accidental spills and fires. 
In the above, the main goals are to minimize the impact 
on forests, fish, and wildlife habitat, landscape and 
aesthetic values through the application of approved 
plans and methods before, during and after the various 
stages of action required is the exercise. -A summary 
of past practices and desired procedures for pipeline 
construction and maintenance is given in reference 31. 
4. Impact of Processing of Fuels 

4.1 Coal 

Processing of coal for the production of coke and coke 
oven gas results in significant environmental problems 
which are discussed in the action of industrial energy 
use. 

4.2 Crude Oil 

Crude oil at present is not used in its natural form, 
but is processed into a variety of end products. In 
Ontario the bulk of the crude oil is imported from 
Western Canada and to a minor extent from Venezuela. 

In 1970 production from Ontario fields supplied less 

( V) 
than 1% of the total refinery intake. ' 

Refineries process crude oil to produce fuels for the 
transportation sector, fuel oils for utilities, house- 
hold commercial and industrial consumers and provide 
feedstocks for the petrochemical industry. In many 
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cases petrochemical feedstock is used captively in 
hiqhly integrated refinery and petrochemical operations. 
It is therefore difficult to single out the environ- 
mental impact oricrinating from the processing of crude 
oils alone, since the petrochemical operations also 
contribute in varying degrees to the overall environ- 
mental impact. Within these limitations the environ- 
mental impact of refinery operations resulting from the 
processing of crude oils will be discussed. 

In Ontario there are presently seven refineries with a 
total capacity of about 400,000 barrels per day. Three 
refineries with about 60% of the capacity are aggre- 
gated in the Sarnia area. The remaining operations are 
located along Lake Ontario between Oakville and Missi- 
ssauga. 

The increasing energy demands of the Province will result 
in increasing refining capacity (See Table V) in order 
to meet the increasing demands of automotive and avia- 
tion fuels and fuel oils for the production of heat, steam 
and electrical energy by the various consumers. This 
increase in capacity potentially may result in increasing 
emissions of pollutants, unless refining technoloay is 
modified and abatement of pollutant emission is improved. 
4.2.1 Water Quality 

Refineries are the source of a variety of nollutants 
discharged into some of the Province's water bodies, 
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TABLE V Projected Ontario Refinery Capacity and Emissions into the Atmosphere 



00 





Year 


Distill, through 
(1000 B/yr.) 


Refinery Emissions (tons/yr.)** 


HC Losses to Atmosphere 
from Distribution Systems*** 
(tons/yr.) 






HC 


so 2 


CO 


No Control 


Control 


1970 


135,700 


67,500 


115,300 


71,000 


98,500 


61,200 


1975 


171,000 


85,000 


145,000 


90,000 


126,000 


78,500 


1980 


215,000 


107,000 


183,000 


113,000 


157,000 


97,000 


" 1985 


270,000 


130,000 


230,000 


140,000 


182,000 


112,500 


1990 


32/*, 000 


161,000 


275,000 


169,000 


236,000 


146,000 



"Data from references 32 and 33 
**EstLnates baaed on 1970 capacity and projected oil demand for Ontario, assuming 

(1) Same future proportion of home market supply by Ontario refineries as in 1970. 

(2) Emissions directly proportional to capacity. 

— "•Data based on information forwarded in the Air Management Branch and PACE subcommittee 
meetings on hydrocarbon emissions. Figures do not include automobile tank filling losses. 



i.e. the St. Clair River and Lake Ontario. Table VI 
summarizes the main pollutants discharged into the 
water. In addition estimates were made of refinery 
waste discharges in 1981 and 1991 for both current 
refining and treatment methods and the best refinina 
and waste treatment processes available at that time. 

As a result of continuing advances in waste treatment 
and process technoloqy, waste discharges into the water 
bodies are expected to decrease in the future despite 
the increase of refinery capacity. However, because 
of the large quantities of oil and refinery products 
handled at refineries, there is a significant potential 
for accidental spills of oil. Consequently, provision 
of contingency plans for accidental spills will become 
increasingly important in the future. 

4.2.2 Air Quality 

nil refineries produce a number of air pollution problems 
Refineries and their distribution system are a major 
source of hydrocarbon emission and contribute in varying 
degrees to the total emission of sulfur oxides, carbon 
monoxide, nitrogen oxides and particulates. In addition, 
refineries may be an irritatina source of malodorous 
compounds. 

The emission of main atmospheric pollutants was estima- 
ted on a basis of data of refinery surveys (Table V). 
Projections of refinery emissions were made under the 
assumption that existing control technoloqy for refinery 



- go _ 



TABLE VI Projection of Oil Refinery Waste Discharges into Water 



i 

D 



Pollutant 


DISCHARGE 


1971 


1981 


1991 


Current 
Practices 


Best 
Practices 


Current 
Practices 


Best 
Practices 


Waste Flow 
mgd 

COD* 
lbs /day 

Ether Soluble Oils 
lbs /day 

Phenols 
lbs /day 

Total Nitrogen 
lbs /day 

Ammonia 
lbs /day 


180 

71,500 

9,000 

200 

30,000 

5,000 


280 

110,000 

15,000 

300 

45,000 

8,000 


80 

24,000 



8 

800 

800 


360 

153,000 

18,000 

400 
60,000 
10,000 


120 

36,000 



12 

1,200 

1,200 



* COD is the chemical oxygen demand which is the amount of oxygen required for the chemical 
oxidation of organics in a liquid. 



emissions will remain unchanged. Hydrocarbon emission 
of distribution systems was estimated assuming no 
further abatement and considering a reduction of 40%. 

Figure 5 projects HC emission of refineries and their 
gasoline distribution system relative to the laraest 
hydrocarbon (HC) emission sources, i.e. automobiles, 
for the next 20 years. 

The two main sources of HC emission of refineries 
and their distribution systems are cone roof storage 
tanks and loading facilities of volatile HC's. Effective 
control for a substantial reduction of HC emission of both 
sources are feasible by equipping cone roof storage tanks 
with "floating" roofs and by avoiding "splash" loading 
of tank cars and storage tanks. 

In a collective effort refiners agreed to reduce emission 
of distribution systems by 40% within the next 9 years. 
However, increasing gasoline sales and corresponding 
increasing HC losses will result in increasing HC emis- 
sions. By about 1980 emissions from distribution sys- 
tems are expected to be back at 1970 levels and to 
increase thereafter. Capital expenditures for a 40% 
reduction of HC emission were estimated to be $0.50 
to $0.55 per recovered gallon HC per year. A maximal 
reduction of HC emission of about 75% is feasible, 
but the need to reduce HC emission has not been demon- 
strated yet. 
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Figure 5 

Projected HC Emission in Ontario by Source 
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Due to the complexity of refinery operations, the 
reduction of refinery HC emission is difficult to 
estimate. Despite increasing controls, HC emission 
may be expected to increase as refining capacity will 
increase. Refineries and their distribution systems 
will be the main emission source for hydrocarbons after 
about 1983. As a result the combined total HC emission 
of the three major sources is expected to be back at the 
1970 emission level by about 1995 (Figure 5). 

Emission of sulfur dioxide are mainly a function of the 
sulfur content of the crude oil being processed. Sulfur 
oxides (SO ) and nitrogen oxides (NO ) originate from 
combustion sources including catalyst regenerating units, 
boilers and process heaters. Refineries have a choice 
of a variety of strategies to comply with S0~ emission 
standards such as: 

(i) Use of low sulfur grade fuel 

(ii) Desulfurization of residuum 
(111) Stack Height. 

Refineries in general use their own heavy crude oil 
cuts for power generation. Therefore their S0 ? output 
depends largely on the sulfur content of the residuum 
fuel oil. Desulfurization of residuum oil is feasible 
and costs about 11 to 16<fc per MM BTU for a 70% reduct- 
ion of the sulfur content. 
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NO emission is presently considered to be of rela- 

A 

tively minor magnitude. If unabated, N0 X emission may 
be expected to increase but will continue to be a minor 
fraction of the overall N0 x emission. A reduction of 
NO emission of up to 50% is feasible by the use of low- 

A 

excess air furnaces. Low-excess air furnaces are more 
efficient than conventional furnaces and therefore reduce 
the cost of heat while reducing N0 x emission. 
Better fuel efficiency of low-excess air furnaces should 
provide an incentive for industry to favor low-excess 
air furnaces for grass-root facilities. 
The main source of CO and particulate emission is the 
flue gas from the catalyst regenerators of the catalytic 
crackina units. Flue gas may contain up to Q% CO. 
Modern refineries are equipped with CO boilers and 
provisions for flue gas particulate recovery, which 
nearly eliminate CO emission and largely reduce parti- 
culate emission. Such refineries therefore are only 
a minor source of total CO emission. CO emission by 
older refineries may be expected to decrease as uneco- 
nomic operations are phased out. Particulate emission 
is of minor magnitude, although excessive emission 
does take place occasionally upon process upsets in 
the catalytic cracking units. 

Malodorous compound emission is a local nuisance and a 
source of many complaints. Usually poor household 
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practices could be accounted for this problem. In 
refinery surveys such practices were identified and 
recommended to be discontinued. 
4.2.3 Impact of Refineries on the Environment 

Although ambient air concentrations of gaseous HC have 
not demonstrated yet direct adverse effects on human 
health, they are one of the two main components respon- 
sible for photochemical smog. Parts of the photochemi- 
cal smog complex are intermediate reaction Droducts 
such as photochemical oxidants and aldehydes, which are 
known to cause human discomfort and plant damaqe. 

At present smoq does not constitute a health problem in 
Ontario. However, tobacco plants and white beans were 
affected adversely in southwestern Ontario as a result 
of the presence of photochemical oxidants. Since the 
areas affected are mainly agricultural, it is likely that 
the injurious oxidants or their precursors originated 
elsewhere. 

Presently there exist no provincial air-quality criteria 
for HC's. A federal standard of a maximum concentration 
of 0.24 ppm HC during 3 hours was proposed in accordance 
with the observation that in the Los Anqeles basin HC 
concentrations of as low as 0.3 ppm resulted in photo- 
chemical oxidant formation of a concentration of up to 
0.1 pom for an average period of one hour. However, 
Ontario's climatic conditions differ substantially from 
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the smog favoring atmospheric conditions of Los Angeles, 
resulting most likely in a different HC threshold con- 
centrations for photochemical smog formation. Maximal 
total HC concentrations in Ontario were 8 to 18 ppm in 
1970. This concentration range includes also naturally 
occurring methane, which is a very inert HC in photo- 
chemical reactions. The available data for total HC 
concentrations therefore are of little value for corre- 
lating HC concentrations in air and occurrence of photo- 
chemical smog. At present, no prediction of the future 
impact of increasing HC emission from refinery opera- 
tions may be made and no environmental limit for HC 
concentration in ambient air may be established. 

Refineries are prone to violate the S0 2 air quality 
standards of Ontario. Presently, the one-year average 
S0 ? levels in many urban areas of Ontario exceed ambient 
air quality standards. Although it is recognized that 
refineries are not a major source of overall SO,, 
emission, the over-saturation of air with SO^ indicates 
the need of strict compliance with the present standards, 

Both NO and particulate emission may be expected to 

increase but will continue to be a minor fraction of the 

NO and particulate emission. The emission of CO is 
x 

minor compared with other sources and does not present 
an air quality problem. 
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4.3 Uranium 

The processing of nuclear fuel, beyond the milling opera- 

(34) 
tion, causes a number of potential pollution problems. 

The refining of ore concentrates received from the mills 
and the production of uranium dioxide (U0 2 ) for use in 
the CANDU system result in solid wastes and spent chemical 
solutions requiring treatment and disposal. Further, the 
production of heavy water, used by moderators in the 
CANDU system, also represents a pollution potentials, and 
the reprocessing of fuel elements could lead to serious 
waste-disposal problems. 

4.3.1 Mater Pollution 

(i) Uranium Dioxide (UOg) Production The refining of 
ore concentrate received from the mills and the 
production of uranium dioxide (U0 2 ) for use in the 
CANDU system is carried out as part of Eldorado 
Mucl ear's refinery operation in Port Hope. Due 
to lack of market, the U0 2 plant has been closed 
for three years, and no current operation data 
is available. At present, uranium dioxide for 
existing contracts is manufactured from a stock- 
pile of the intermediate product, ammonium diura- 
nate. The ore concentrate contains 15 - 35% 
impurities which are removed, precipitated with 
lime, and disposed of as solids. In the past, the 
leaching of radium and arsenic from the dump sites 
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has been a problem. The problem has arisen 

as a result of poor land-disposal -practices 
utilized prior to 1967. A leachinq problem 
is not expected to arise from the cut and fill 
process used since 1967. The feasibility of 
treating the wastes, prior to the lime treatment, 
to precipitate the arsenic and radium in forms 
which will be less susceptible to leachinq is 
also under study. 

Spent chemical solutions containing nitrate and 
ammonium ions represent a further disposal prob- 
lem. Utilizing the waste loading figures of 620 
lbs. nitrate ion and 220 lbs ammonium ion per 
ton of U0„ produced and the projected requirement 
of 10,000 tons of U0 ? per year for Ontario reactors 
in the year 2000, it can be estimated that 3100 
tons per year of nitrate and 1125 tons per year 
of ammonium will be discharqed as by-product. 
It is expected however that a satisfactory 
method of treatment will be developed before 
the expected waste loadings materialize. 

In summary, it is believed that treatment 
methods will be developed that will prevent 
the wastes from the refinino of uranium having 
any significant effects on the water quality 
by 1991. 
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(ii) Heavy Water (DqO) Production - Deuterium, 
a heavy isotope of hydrogen, is present in 
fresh water at a concentration of about 150 
mg/1 . The process for separation and concen- 
tration of this naturally occurring deuterium 
depends on an enrichment process based on the 
temperature-dependent equilibrium between 
hydrogen, deuterium, and hydrogen sulfide 
(H 2 S). 

The Bruce Heavy Water Plant, located at Douglas 
Point, Ontario, has been desioned to produce 
800 metric tons per year of heavy water from a 
feed of about 13,500 U.S. gpm of Lake Huron 
water. This plant, which will be the largest 
of its type in the world when completed, will 
have a total inventory of 1,200 tons of hydro- 
gen sulfide in the process equipment when in 
operation. 

Under normal circumstances, the only H ? S 
released in the liquid waste from the heavy- 
water plant will be present in the 13,500 
gpm process waste stream. This stream, with 
a design maximum H«S concentration of 1 mg/1, 
will be discharged into one of two lagoons 
each of which has a three-hour retention time. 
Because the lagoons are aerated, it is expected 
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that the concentration of ^S will be reduced 
to an extremely low level, although precise 
estimates of the lagoons performance cannot 
be made due to a lack of data for H^S treat- 
ment systems of this type. 

There will be two other significant aqueous 
waste streams from the Bruce Heavy Water 
Plant and these are the discharges from the 
two separate cooling water systems. These 
discharges, of 75,000 U.S. gpm each, will 
normally contain no H«S. It is to be expected, 
however, that minor leaks may occur and if so, 
these will result in some H ? S gaining access 
to the cooling-water flow. 

Because of the possibility of some H„S leakage 
into the cooling water, and because it is also 
possible for the lagoon effluent to contain 
some residual H ? S, the OWRC has approved the 
waste treatment facilities on the condition 
that the maximum loading of H«S to Lake Huron 
over a one hour period will not exceed 18 
pounds. This loading corresponds to an H ? S 
concentration in the combined effluent of 0.09 
ppm, which is within the limits considered 
safe for fish. 
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It is possible, of course, that failure of 
certain process equipment could result in 
"spills" of H«S in concentrations far above 
those expected during normal operation. 
The probability of such failure 1s low, how- 
ever, and therefore the plant is not expected 
to present a serious threat to the aquatic 
environment. 



4.3.2 Air Pollution 



Airborne effluents from nuclear fuel process ina beyond 
the milling operation vary in terms of volume, concen- 
tration, and chemical composition, depending upon their 
origin. All these operations in fuel processing are 
potential sources of radioactive airborne dust, 
(i) Fuel -Fabrication Plants - Dust or fumes are 

controlled by conventional gas cleanina equip- 

(35) 
ment. ' Dust emission consist essentially 

of uranium or thorium compounds involved in 

the process. The gases evolved from a fuel- 

processing plant are usually contaminated with 

such chemicals as nitric acid and organic 

solvents, as well as with fission products, 

depending upon the particular process employed. 

Since fuel processinq requires treating effluent 

gases to remove minute quantities of radioactive 

materials, it removes many of the nonradioactive 

components as well. In these operations, the 

relatively high economic value of the product 
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material makes it unlikely that significant 
air contamination will occur in normal 
operation conditions, 
(ii) Fuel -Reprocessing Plants - As yet, there are 
no fuel reprocessing plants in Ontario, how- 
ever, it is a reasonable assumotion that 
such a plant will be established during the 
time interval of this study. Consequently, 
some of the environmental problems, which 
could arise, are outlined here. In order to 
extend the supply of nuclear fuel , reorocessinn 
is highly desirable. When a reactor core has 

reached the end of its useful life, only a 

235 
small amount of U will have been consumed 

238 
by fission and an additional amount of ' U 

239 
will have been transformed to Pu. The fuel 

with its inventory of fission products, may 

then be removed from the reactor and transported 

to a chemical processing plant where uranium 

and plutonium are recovered for use in a new 

fuel elements. 

Even though the fuel is stored to provide time 
for radioactive decay, a large quantity of hiahlv 
radioactive material is still present when the 
fuel reprocessing begins. The qreatest potential 
danger of air contamination arises at a fuel 
reprocessing plant. 
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The most critical problem of air pollution 
from a potential fuel reprocessing plant is 
possibly the release to the atmosphere of 
85 Kr (half-life of 10.8 years). Location of 
the fuel -reprocess inq plant in the site of 
favourable weather conditions and the use of 

or 

hioh stacks are possible methods to keep Kr 
ground-level concentrations below a permissible 
ambient level of 10" mci/cc. Eventually, the 
discharge of noble gases may be prohibited 
during the reprocessina of nuclear fuel. A 

or 

number of methods for Kr removal from gas 
streams are available and include; room tempe- 
rature absorption on charcoal, silica gel, or 
molecular sieves, low temperature absorption 
on charcoal or molecular sieves, cryogenic 
distillation and scrubbing, extraction by 
liquids, and thermal diffusion. These processes 
are at various stages of development, and most 

oc 

can remove more than 90% of the Kr. 

Gases can be stored for radioactive decay until 
meteorological conditions are adequate for dilu- 
tion and dispersion in the atmosphere. This 
technique will probably be favoured by the nuclear 
industry, but should be officially discouraged. 

The fact that radioactive substances can cause 
damage to people, Dlants and animals and can 
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enter food chains is well-known. Since its 
inception, the nuclear industry has been aware 
of the potentially hazardous effects of its 
wastes. Standards for permissible concentra- 
tions of radioactive pollutants in the environ- 
ment have been established. However, the per- 
missible release standards are to be questioned 
because they are 10 to 100 times higher than 
what is actually being released. This situation 
is discussed more fully in a subsequent section 
dealinq with nuclear power plants. In any event, 
effective containment and disposal methods are 
absolutely necessary for fuel reprocessing plants 
(iii) Heavy-Water Production - The operation of a 
heavy-water plant involves large quantities of 
hydrogen sulfide, which is used for the enrich- 
ment process. 

During the normal operation of the plant there 
are continuous emissions of H«S via a flare 
stack where provisions are made for combustion 
of the gas. 

A summary of the sources of H ? S and possible 
ground level concentration emissions from a 
heavy-water olant is qiven in Table VII. In 
the event of an upset condition in the process, 
some of the equipment may have to be isolated 
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TABLE VII 

Sources, Operations and Concentrations 
of H ? S Released from a Heavy Water Plant 



Source/Operation 


H 2 S 

Emitted to 
Flare 


Ground-Level Concentrations 
of H_S p. p.m. 


With Ignition 


Without Ignition 


Normal operation 


yes 


.001 


.001 


Storage and loading 


no 


- 


- 


Process draining 


yes 


0.33 


1.3 


Emergency venting 


yes 


0.81 


100 


Major failure 


no 


500 


500 



Data from reference 36. 
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and vented to the atmosphere via the flare 
system and consequently the ground-level con- 
centrations of H 2 S would exceed the Ontario 
Ambient Air Criteria of 0.25 ppm for one hour. 
The frequency of such upset conditions is 
unknown at this time, but it is expected to be 
higher at the start-up of the plant and decrease 
as more experience is obtained. 
Emergency venting through the flare stack is a 
remote possibility, but in the event of such 
an occurrence, up to 900,000 lbs. of H 2 S per 
hour would be released to the flare and the 
ground-level concentrations would exceed the 
criteria. 

A major failure in a critical piece of equip- 
ment, (the rupture of a storage vessel) could 
cause the release of 400,000 lbs. of H 2 S 
within an extremely short period of time. 
Dangerous concentrations, which may severely 
affect human life, can be expected as far as 
14 miles from the source. The probability 
of a major catastrophe is considered to be 
very low. A contingency plan to cope with such 
an event was developed. 
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5. Impact of Utilization of Fuels and Energy 

5.1 Impact of Electrical Power Generation 

Figure 1 shows that over the next two decades electri- 
cal power generation will become the biggest sinole 
consumer of our energy resources, inasmuch as Ontario 
appears to have little further potential for hydro 
power except in the far north. Unfortunately, fossil - 
fuel or nuclear power plants produce a variety of 
emissions which pollute the air and they discharge 
large amounts of waste heat into the water or air. 

Electrical utilities, including Ontario Hydro, have 
recognized the need for planning far in advance for 
future facilities. However, until a few years ago 
they have not had to take into account their overall 
effect on the environment. Although work on emission 
control techniques has been accelerated over the past 
four or five years, the presently available engineer- 
ing technology is inadequate to meet our present needs 
of cleaner emissions. Power companies over North 
America are faced with increasing demands for electri- 
city, but their plans for expansion and satisfying 
this demand are being blocked by citizen aroups con- 
cerned with conservation and the environment. It 
appears probable that Ontario Hydro will face increa- 
sing pressure from the public in the future. 

5.1.1 Air Pollution 

5.1.1.1 Emissions by Fossil -Fuel Plants 

The air pollutants emitted from fossil -fuel plants depend 
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upon the type of fuel used. The types and quantities 
of emissions from the burninq of different fuels are 
shown in Table VIII. The lower levels of solid par- 
ticulate and sulfur dioxide emissions result from the 
use of gas, which illustrates why many power plants 
in North America have been converted to this fuel. 
However, due to the fact that many organizations are 
solving their emission problem in this way, the 
supply of natural gas will become very restricted in 
approximately a decade or so if it is used as a general 
solution. Consequently, it already appears advisable 
to limit the use of natural gas to other situations 
where alternative emission abatement solutions would 
be prohibitively expensive. 

Oil reserves appear sufficient for several decades, 
while the known reserves of coal indicate an adequate 
supply for several centuries. Consequently, we have 
concentrated on the effects of using primarily coal 
and secondarily oil, in future fossil-fuel plants, 
(i) Solid Particulates - Solid particulate emis- 
sions for all practical purposes are under reason 
able control in large power plants (see Fig. 
6) . It is now largely a matter of satisfactory 
operation and strict compliance with the regu- 
lations. A number of systems are available 
for dust or fly-ash control. However, electro- 
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TABLE VIII 
COMPARISON OF QUANTITY AND TYPE OF EMISSION'S FROM PLANT BURNING 

COAL - OIL - NATURAL GAS 



i 



Pollutant 


COAL 
lb/ton of Coal 
Central 
Station Industrial 


Burned 
Domestic 
Commercial 
(Stoker) 


RESIDUAL OIL 
lb/1000 Imp. Gal. of Oil Burned 
Central Industrial & 
Station Commercial Domestic 


NATURAL GAS 
lb/million cu. ft. of 
Central 
Station Industrial 


gas burned 
Domestic 
Commercial 


Aldehydes 


.005 


.005 


.005 


1.2 


1.2 


2.4 


3.0 3.0 


10.0 


Carbon Monoxide 


1.0 


2.0 


10 


.05 


.25 


6.0 


.4 .4 


20 


Hydrocarbons 


.3 


1.0 


3.0 


6.0 


3.6 


3.6 


40 40 


8 


Other Organics 


- 


- 


- 


- 


- 


- 


4.0 7.0 


1.0 


Oxides of 
Nitrogen 


18 


15 


6.0 


126 


48-96 


14.4 


390 120-230 


50-100 


Sulphur Dioxide 


33A 


38A 


33A 


188B 


188B 


170B 


0.6 0.6 


0.6 


Sulphur Trioxide 


- 


- 


- 


2.4B 


2.4B 


2.4B 


- - 


_ 


Particulates 


Depends 


on degree c 


f control 


9.6 


27.6 


12 


15 18 


19 



Notes (l) A is the percent sulphur in coal (ie. in 2% S coal, the SO is 38 x 2 = 76 lbs.) 

(2) B is the percent sulphur in oil. 

(3) Industrial represents industrial boiler houses. 
Data from reference 38. 
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static precipitators offer the best lonq-term 
solution, even though they are massive and costly 
as shown in Figure 7. Ontario Hydro appears 
committed to this direction as indicated by the 
following quote from a recent publication/ 

"All the coal -fired stations are fitted 
with dust-collection systems to contain the 
fly-ash. The older stations have combined 
mechanical and electrostatic dust collections 
and the newer ones have electrostatic dust 
collectors only. The policy is to achieve 
a minimum of 99.5 percent dust-collection 
efficiency on all new boilers, but efficien- 
cies are lower than this for some of the older 
installations." 
(11) Emission of Sulfur Dioxide 

Sulfur dioxide control and abatement represents 

today's air-quality battleground for the elec- 

. , ... (39,40) In 1970 Ontario's 

trical power industry. 

fossil -fuel plants consumed about 10 million 
tons of coal to generate the equivalent of about 
0.9 X 10 14 BTU of electrical energy (Fig. 8). 
Assuming an average sulfur content of 2.4% this 
resulted in the emission of 470,000 tons of 
sulfur dioxide into the atmosphere. (Fin. 9) 
Sulfur dioxide emissions are expected to 
increase as more and more fossil fuel plants come 
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FIGURE 8 



Rough projection of generation of 
electricity from primary energy sources 
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into operation. Without abatement, sulfur 
dioxide emissions will be in excess of 1 million 
tons Der year before 1990. Assuminq that S0„ 
control technology will become available by 
the mid-seventies, the reduced emission rate 
of S0 ? is indicated by a dotted line in Fia. 9. 
The impact of S0« emissions from power Genera- 
ting stations on the environment is severe. 
In 1970 for example, 77% of the SOp emitted 
in the Metropolitan Toronto area originated 
from two power stations. Durina this period, 
S0 ? ambient air-guality criteria were exceeded 
numerous times in Metropolitan Toronto. In 
1971, when the P.L. Hearn Station was ptrtially 
converted to natural gas, the S0 ? emissions 
were reduced by about 54,000 tons. As a result, 
a significant improvement of Metropolitan air 
quality was observed as manifested by a steep 
decrease of times the S0 ? ambient air Quality 
standards were exceeded. 

Numerous methods for the reduction of sulfur 
dioxide emission are being investigated. A 
comparative evaluation of these methods will 
be discussed in Chapter 5.1.1.2. 
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Figure 9 

Estimated SO and NO Emissions by Ontario's Thermal 

Power Generating Stations. 
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( i i i ) Emission of Oxides of Nitrogen 

Oxides of Nitroqen (mainly MO and NO^ and collect- 
ively called N0 X ) are not beina ignored by the 
electrical power industry in North America. 

N0 Y forms in all hiqh-temperature flames when 

A 

nitrogen of the air reacts with active oxygen 
species in the flame. Generally, at higher 
temperatures more NOw is produced. 

In 1970, about 532. of the N0 X emitted bv all eneray 

consuming sources in Toronto came from the two 

(2) 
electrical power generating stations '. NO« 

emissions by power generating stations therefore 

significantly contribute to the overall N0 X level 

in ambient air. In 1970 the ambient air quality 

criterion for NO was exceeded in Metropolitan 

Toronto on numerous occasions. The trends in 

total N0 X emissions in the future are shown in 

Figures 9 and 10. Power generation plants are 

expected to produce a larger portion of the future 

N0 X due to their more rapid growth. The present 

hiah ambient levels of N0„ and the expected increase 

of N0 Y concentrations as discussed later indicates 

A 

that power plants will have to reduce these emis- 
sions in certain areas by the end of this decade. 

Two basic procedures reduce N0 X emissions, (1) burninn 
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at a temperature that is as low as possible, 
or (2) operatinq the boiler furnaces to elimi- 
nate hi only active forms of oxyoen from the 
flame. 

The Esso Research Corn, in the U.S. has com- 
pleted an extensive three-year study evaluatinq 

(41 42) 
future control techniques for N0„. 

As is the case with SCL, many control methods 
have been suggested, (a) fuel modification, 
(b) altering combustion techniques and (c) flue- 
gas treatment. Of these the second is currently 
receivinq the most attention and Ontario Hydro 

has, on a pilot basis, reduced the present level 

(43) 
of emissions by about a factor of 1/2 to 1/3. 

However, the N0 y control technology is not 

nearly as far developed as is that for SO and 

moreover, the problem may prove in the lono run 

to be more complex. The future of N0 y abatement 

in the U.S. as viewed by the Esso study is 

depicted in Figure 10. 

The curve labeled "possible improvement with 
current technology" indicates the best estimates 
of NO., control to new equipment installed from 
1970 to the years 1980 and 2000. Control methods 
in limited use at present, which have been effect- 
ive for reducing N0„ emissions , include lower excess 
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Figure 10 
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air combustion, staged combustion, flue-gas 
recirculation and chanaing burner location, 
spacing and configuration. The curve labeled 
"anticipated new technology" is based on wide 
use of potential combustion-control methods, 
such as steam or water injection and fluidized- 
bed combustion, combustion with oxygen in place 
of air, and flue-gas scrubbing. 

The cost of N0„ abatement is still highly SDecu- 
lative. It is concluded, in reference 41, that 
in some cases operating costs will be lowered due 
to improved combustion. Present estimates indi- 
cates a cost of about $1 to $3 million a year for 
stations such as Hearn and Lakeview, and be com- 
parable to the S0 ? abatement costs, 
(iv) Heavy Metals - Heavy metals emissions into the 
atmosphere are possible because of the variety 
of impurities contained in fossil fuels as shown 
in Table IX. There is an increasinn interest in 
"trace" or "exotic" pollutants in the atmosphere. 
These compounds may be extremely toxic, and low 
concentrations may damage flora or fauna, or become 
concentrated in the biosphere. 

The measurement of these pollutants may be as 
difficult as the evaluation of their effects. 
Most of the compounds and elements are present 
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TABLE IX 

HEAVY METALS IN FOSSIL FUELS 

Goal Used by Ontario Hydro 



Element 


Quantity, ppm 


Nickel 


7-10 


Manganese 


0.1 - 0.3 


Zinc 


- 5 


Chromium 


0.- 10 


Cobalt 


0.5 - 1.0 


Lead 


0.5 - 1.0 


Molybdenum 


11-16 


Vanadium 


0-10 


Beryllium 


- 0.05 


Arsenic 


0-10 


Antimony 


5 - 10 


Cadi urn 


0.1 - 0.3 


Silver 


- 5 


Selenium 


1.0 


Mercury 


0.6 
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naturally in the environment, and the bodv can 
evidently disnose of certain levels of them. 
Research is now required to evaluate the effect, 
of continuous exposure of the population to low 
concentrations of trace metals, in order to 
determine which are present in undesirable concen- 
trations. 

Ontario Hydro has been concerned about the emissions 

(52) 
of a number of materials from its plants. The 

program undertaken includes a search for polynuclear 
hydrocarbons, especially benzo(a)pyrene -- and for 
fluoride, beryllium, selenium, nickel carbonyl , 
cadmium, antimony, bismuth and mercury -- in the 
coal, fly-ash and flue qas. Some of these subs- 
tances may be carcinogenic . Because it is of great 
current interest, a detailed study of mercury 
emissions has been completed. It was found that 
90 percent of the mercury in coal leaves with the 
flue gas with concentrations between 40 and 90 
micrograms per cubic meter. At the present time, 
heavv-metal emissions from these plants are not 
regarded as a significant hazard and are within 
the Provincial regulations. The emissions from 
power plants cannot be distinguished from other 
sources. Hov/ever, heavy-metal emissions are being 
closely monitored in Ontario. 
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(v) Other Emissions 

Radioactive substances may also be emitted by 
fly-ash cominq from fossil -fuel plants. A 
recent collection of data describina these 
emissions is given in Table X. These emissions 
are discussed later in connection with nuclear 
power plants. 

Other emissions in the form of carbon monoxide 
and hydrocarbons also occur. All power neneration 
companies strive to complete the combustion of 
unwanted CO and unburned hydrocarbons, in flue oas 
es, by completing the reaction and forming C0 ? 
and water. However, all of the combustion pro- 
cesses we employ are, slowly but steadily, increa- 
sing the CO content of our atmosphere. In the 
long-range, this could produce serious climatic 
alterations well into the next century as outlined 
later. If these fears materialize, we will have 
to turn to other methods rather than combustion 
to produce electrical power. 
5.1.1.2 Control Methods of Fossil Fuel Plants Emission 

Public utilities are in business to generate electricity, 
not to process chemicals. Nothing could be wanted less 
around a power plant than a complicated chemical process 
for cleaning flue gas that might go awry and force an 
outage. The utilities would much rather burn low-sulfur 
fuel to eliminate S0„ and modify the burners to prevent 
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TABLE X 



Analyses of Radioactivity in coal and Oil Fly Ash 







Concentration 
(pCi/g dry fly ash) 




Sample 


Refer- 
ence 


Ra- 
226 


Ra- 

228 


Th- 
228 


Th- 
232 


Appalachian coal ash 


(4) 


3.8 


2. A 


2.6 





Utah coal ash 


(4) 


1.3 


0.8 


1.0 





Wyoming coal ash 


(4) 


— 


1.3 


1.6 





Japan coal ash 


(4) 


— 


1.5 


1.6 





Alabama coal ash 


(4) 


2.3 


2.2 


2.3 





Venezuela petroleum ash 


(4) 


0.21 


0.49 


0.67 





TVA coal plants 


(3) 


4.25 


2.85 


2.85 


2.85 


Coal ash (Australia) 


(2) 


7.98 











Oil fly ash a 
Turkey Point 


(5) 


0.18 


0.17 


0.82 


0.17 


Coal fly ash 
Hartsville 


(5) 


2.3 


3.1 


M l.|, 


3.1 


Coal fly ash c 
Colbert, TVA 


(5) 


3.1 


6.9 


1.6 


6.9 


Coal fly ash 
Windows Creek, TVA 


(5) 


1.6 


2.7 


2.8 


2.7 



Data from reference 44. 
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formation of N0 X . However, some forms of chemical 
processing seems inevitable for coal- or oil-fired 
plants. From the information presented previously, 
it is clear that the abatement of air pollutant emis- 
sions from fossil -fuel plants will increase the cost 
of electrical power. Usinq consensus estimates it is 
believed that air pollution abatement programs only 
for fossil -fuel plants may increase costs in the follow- 
ing manner as more control is used and certain types of 
fuel become scarcer; 

Reason 

SCL Flue Gas Abatement 

Some NOw Abatement 

S0 9 , N0 y , and Trace Metal 
1 x Abatement 

1991 1.20 

Sulfur oxides (about 99% SO^ and 1% SOj can be controlled 
through four basic approaches: 

(i) Dispersion from tall stacks, 
(ii) Substituting low-sulfur fuel, 
(iii) Removal of sulfur oxides from the flue aases. 
(iv) Desulfurizing existino fuel. 
Each of these approaches also has several alternatives, and 
there is an abundance of literature attempting to shed light 
on this complex situation. 



Year 


Price Index 


1972 


1.0 


1976 


1.10 


1981 


1.15 


1986 


1.20 
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( i ) Dispersion from Tall Stacks 

The use of tall stacks and increased dispersions 

has been hotly debated in several countries over 

(45) 

the past two or three vears. ' Although the 

Ontario regulations under the Environmental 
Protection Act permit dispersion from tall stacks 
as a means of controlling atmospheric sulfur 
dioxide concentrations, the government has made it 
clear that this is an interim measure and is only 
permitted when there are no practical means of 
controlling the pollutant at the source. 
(11) Substituting Low-Sulfur Fuel 

As outlined previously, natural gas contains little 
sulfur, and power plants fired with gas contribute 
essentially no S0 ? to the atmosphere. However, 
the supply of natural gas is limited and with proven 
resources shrinking rapidly, the use of this pre- 
mium fuel by public utilities should be restricted. 
Other low-sulfur fuels are in limited supoly at 
least in areas where they are needed. Crude oils 
from Western Canada, North Africa, Nioeria and the 
Far East are naturally low in sulfur, and fuel oil 
Droduced from these crudes generally contain less 
than 1 percent of sulfur. 

The reserves of solid fossil fuel with less than 
1 percent of sulfur are ample. However, this huge 
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enerny pool of sub-bituminous coal or lignite 
is found far from our consuming centers. Much 
of the remaining low-sulfur bituminous coal is 
reserved for metal oroduction. About one-half 
of the total known U.S. reserves of bituminous 
coal average 2.2 percent sulfur. These 

reserves, mostly located in the eastern or mid- 
western states, are the main source of energy 
for conversion to electricity. 

Samples taken from the Onakawana lianite deposit 

(14) 
indicate a sulfur content under 1% v '; however, 

if this fuel is compared with existing coal supplies 

on an equal energy basis it contains an equivalent 

sulfur content of about 1.5%. 

It must be concluded that direct substitution to 
low-sulfur fuel has little real potential over the 
time-span of this study. Its only practical appli- 
cation is in critical areas, for example, the 
recent conversion of Hearn Station, 
(iii) Removina S0 o from Flue Gases 

U £ 

Over the past 4 years great interest has developed 
in treating stack gases to eliminate S0« and more 
than 30 processes have been sugaested. However, 
problems abound. The materials-handling problem 
alone is of a size seldom faced by engineers. A 
typical, large boiler furnace can send more than 
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50,000 tons of gas uo the stack a day; even with 
S0« making up only about 0.25 percent of it, 
this means that 125 tons of SO. must be removed 
daily. 

In considering the many different flue gas desul- 
furization processes, a distinction is made bet- 
ween recovery processes, in which a saleable by- 
product, such as sulfur or sulfuric acid, is 
produced, and a non-recovery process, in which a 
disDOsable waste product is produced. The market 
for saleable sulfur products, particularly in 
Canada, is unfavourable. ' The larqe excess of 
sulfur on the world market has reduced the f.o.b. 
price of Canadian sulfur to between $4 to $10/ton 
The domestic demand for sulfuric acid is easily 
met with acid produced from smelter operations. 
From an economic viewpoint, therefore, there is 
little incentive to develop and implement sulfur 
recovery processes. 

The most advanced or promisina processes under 
development are reviewed in references 47 and 48. 
In addition, the Ontario Research Foundation 
under contract to the Ministry of the Environment 
has made an independent evaluation of many S0 ? 
removal methods. Table XI summarizes the hpf 
evaluation of flue gas desulfurization techniques 
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aDpii cable to large power generation stations. ' 



Of all the processes in varying stanes of develop- 
ment today, the limestone slurry process (Item 
6, Table XI), is judged by Ontario Hydro and 
others to have the best chance of earlv deve- 

lopment. This is a throwaway process, in which 
the sulfur oxides in the flue gas are neutralized 
with limestone and converted to inert solids which 
can be disposed in a sanitary land-fill. Several 
variations of this process are under development 
in North America, but operational problems continue 
to occur. Ontario Hydro is studvina this system 
on a 400-cfm pilot-plant scale and is investiga- 
ting the feasibility of a larger unit. It is 
difficult to estimate the cost of any process that 
is not completely developed. Estimates made by 
Ontario Hydro differ significantly from those in 
Table XI made by ORF. Others ' 51 ' 52 ' have esti- 
mated the operating costs of the limestone slurry 
process at between $1 and $4 per ton of coal. A 
figure of $2 per ton presents the consensus opinion, 
Further, capital investment cost estimates ranaes 
from about $10 to $40 per installed KW with about 
S20/KW being typical. This control method could 
tentatively be planned for plants coming into 
operation late in this decade. 
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TABLE XI 
Approximate Costs of Flue Gas Desulphurization 



Process 

1. Pittsburg and Midway 
Solvent Refined Coal 

2. Messman Chemical 
Coal Cleaning 

3. IGT c oal Gasification 

4. Garrett K„CO_ Process 

5. Dry Limestone Injection 

6. West Lime /Limestone 
Scrubbing 

7. Stone and Webster Ionics 

8. Chemico MgO Scrubbing 

9. Monsanto Cat OX 

10. Shell SFGD 

11. Grillo AGS Process 

12. Potassium Formate Process 

13. Bischoff Process 

14. Seawater Scrubbing 



Installed 
Capital Cost 
$/KW 



? 
135 
13.5 

9 

13 
15 
19 
32 
26 
? 

15 



Total Operating 
Costs Including 
Capital Charges 
j/MM BTU » 



16 

6-7 
25.5 
7 
6 

6 

10 

13 

16 

16 

12.5 

7-8 

15-19 

4 



" 1 ton bitum. coal ~25 MM BTU 
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The limestone slurry process produces a waste 
by-product of calcium sulphate and calcium 
sulfite. It is expected that 0.2 tons of waste 
by-product will be produced per ton of coal 
burned and treated. In the SCL removal process, 
60% will be in the form of solids which can be 
settled out and the remaininq liquor can possibly 
be recirculated and reused within the system. 

The settled solids may be left at the bottom of the 
laqoon or could be dredqed out for removal to other 
disposal sites. These solids wastes are relatively 
insoluble and can be used in controlled landfill 
sites without too qreat a leachate problem. There 
is however, a possibility of a potential H ? S odour 
and appropriate measures would have to be taken 
to control this nuisance. If this system is adopted, 
then the planning aspect of coal-burninq plants 
would have to take into account the land use require- 
ment for disposal of this waste material from the 
desulfurizina of flue qases. There is a secondary 
tvne of recovery and treatment process available 
where S0„, sulfuric acid, sulfur and fertilizer 
compounds can be recovered as by-nroducts; however, 
the use of this process would depend to a larae 
extent on the available markets for these various 
by-products. It is not expected that these methods 
will be employed before 1985. 
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Faintly visible on the horizon is a new method 

of burnina fuels which will greatly reduce 

(53 54) 
emissions, the fluidized-bed combustor. 

It involves a stream of air movinn slowlv through 
a bed of inert material. Such a svstem can 
become a combustor if the bed material is heated 
to about 1500 F and a fuel, either oil or crushed 
coal, is admitted. If the bed material is lime- 
stone, the resultinq lime will react with SO 
as it evolves during combustion. Further, because 
the temperatures in fluidized system are uniform 
and can be held as low as 1500 F, little N0„ forms. 
The fluid bed would also be useful in removinn any 
trace heavy-metal elements which exist in coal. 

A recent special study in fluid-bed combustors 

(53) 
has been carried out in Ontario by Bergouqnou x '. 

The fluidized boiler may be ideal for burning 
Northern Ontario lignites to produce power for 
gasification units at the mine-mouth. Such com- 
bustion would take place at relatively low tempe- 
ratures of 1500 to 2000 F, to reduce the formation 
of nitrogen oxides. Similarly, a fluidized-bed 
boiler could burn city garbaqe. It would also be 
used to burn hiah-sulfur oil residues in case these 
are needed as a temporary supplement to fuel qas. 
Existing pulveri zed-coal furnaces could be adapted 
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to a low-pressure fluidi zed-bed combustion. A 
possible scheme could be to build a satellite 
fluidi zed-bed boiler close to the existing power 
plant. Limestone would be injected into the bed 
to retain the sulfur in the ash. The rest of the 
air would be mixed with the qas cominq out of the 
fluidi zed-bed boiler for firing in the existina 
boiler. Another Dossibility would be to build a 
LURGI gasifier and to use the low-BTU gas produced 
to fire the existing furnace. 

Berqougnou indicated that power plants using 
fluidized beds burning solid fuel could be cons- 
tructed about 1980 if a research and development 
program, beginning in 1972 is emphasized. 
( i v ) D esulfurizing Fuels 

On the average, half of the sulfur in coal is pre- 
sent as pyrites (iron sulfides) and half is combined 
chemically with the complex coal structure. Dependino 
on the size of the pyrite particles, they can be 
removed. None of the organic sulfur can be removed 
without destroying the coal's molecular structure, 
e.g., by converting it into a fuel oas . Hence, 
about half the sulfur can be taken from coal by 
cleaning and at costs, for example, ranoino upward 
to $1 per ton, adding some 15 to 30 percent to 
the fuel costs. KDD) 
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At the present time, the emphasis has turned 
on coal qasification as the best long-ranne 
approach to clean fossil fuel in larqe amounts. 
Coal gasification consists of the chemical 
transformation of solid coal into pipeline 
quality gas. This gas, primarily composed of 
methane, is virtually sulfur free and has a 
heating value of about 1000 BTU/ft . The United 
States has undertaken a major development nroaram 
in coal nasi fi cation^ ' by the methods listed 
in Table XII. 

Bergougnou has also carried out an investiqation 
of the environmental impact of coal qasification 
in connection with the possible development of 
the Onakawana lignite deposits. Although there 
are several potential air-and water-quality prob- 
lems, the main environmental impact would come 
from the water evaporated from the lignite, which 
comes to the plant with slightly more than 507 
water content. This water evolved by qasification 
is approximately equivalent to a dailv rainfall 
of 1.3 inches over an area of two square miles. 
Severe local icing and fogqinq miqht result in 
winter. However, mechanical de-waterinq could 
considerably alleviate this problem. The sulfur 
produced would amount to 2260 tons per day, which 
would represent a serious stockpilinn problem in 
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TABLE XII 
US Coal Gasification Process 



Process 


Laboratory 


Sponsor 


Federal Funding 
FY 1972 


HYGAS 

(Electrotherma ) 


IOT 


OCR-AGA 


$3,500,000 


HYGAS (Oxygen) 


IGT 


AGA 




CSG (CO Acceptor) 


Consolidation 
Coal Co. 


OCR 


3,/£0,000 


SYNTHANE 


BuMines 


BuMines 


1,500,000 


BI-GAS 


BCR 


OCR-NCA 


3,300,000 


STEAM-IKON 


IGT 


Industrial 




FIXED RED 


BuMines 


BuMines 


750,000 


FIXED BED 


Lurgi 


Lurgi 
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the absence of markets. Dust entrained in flue 
gas lea vino the "linnite dryer would amount to 
about 15 pounds/minute if the drvers were equipped 
with two stapes of cyclones and an electrostatic 
precipitator. 

The combined use of lignite oasification and fluid- 
i zed-bed boilers apnears verv attractive for 
Ontario enerny needs in the near future. Fnviron- 
mental deterioration would be smaller compared to 
present power schemes. An ecoloaical studv should 
be initiated for the liqnite fields of Northern 
Ontario to determine, in detail, the impact of 
oasification on the local environment. Additional 
details of the pollution aspects of linnite qasi- 
fication as well as the environmental problems of 
burnino it in a mine-site power plant are qiven 
in reference 53. Fuel is more amenable than coal 
to desulfurizino: aenerallv, the oil is treated 
with hydrogen to form hvdrooen sulfide oas, which 
then can be separated and converted to elemental 
sulfur. Hydrodesulfurization has been developed 
actively over the past few years, but the cost is 
still hioh. nesulfurizino fuel oil to acceptable 
levels of about 1% sulfur costs from 50 cents to 
$1 per barrel.' 57 ' 
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Table XII 1 summarizes the fixed and operating 
costs of various sulfur abatement alternatives and 
their effect on the cost of electrical power pro- 
duction. This comparison is shown together with 
an estimate of the degree of sulfur removal and 
when the technique may be employed. 

It is difficult to compare the cost of SfL abate- 
ment with the indirect cost of no abatement, because 
there is no way to firmly establish the cost of 
the latter. The U.S. Fnvironmental Protection Aoency 
estimates that emitted SCL indi recti v costs the 
public 10* per pound. This fiqure is debatable, but 
the FPA has proposed a S0 ? emission tax increasina 
from S<£ per pound in 1972 to 2n<* ner lb emitted SO 
after 1"74. (58 ^ As shown in Table XIV such a tax 
may be as hinh as several times the cost of abatement. 
5.1.1.3 Fmissions by Nuclear Fuel Plants 

In normal day-to-day operations, nuclear power plants 
are permitted by law to release radioactive substances 
to the environment in oaseous, solid and liouid forms. 
The standards applicable to the operation of a nuclear 
station for effluent releases from the station are radia 
tion dose standards set bv the Atomic Fneroy Control 
Board, based on the recommendations of the International 
Commission in Padioloaical Protection. 
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Tab. XIII - Cost Estimates of Electrical Power Production From 
Various Primary Energy Sources for Southern Ontario 



0O8t 

(millsAWH) 


COAL* 


OIL* 


GAS * 


NUCLEAR** 


ADDITIONAL COST 
FOR FLUE GAS 

DESULFURIZATION 


2.5^ S 
base 


i*s 


Gasified 
Bitum. Lignite 


Cleaned 
Mechanical Chemical 


256S 


Desulfuri- 
zed to 13> 


Capital 

Operating & 
Maintenance 

Fuel Cost at 
Generator 

Reduction of 
Sulfur 
Emission {%) 
(base 2.5* coal) 


2.39 

o.uu 
4.25 

(o) 


2.39 

0.44 

5.10 
(60) 


2.35 2.35 

9.00 9.00 
(-95) 


2.39 

0.44 

4.95 

(40-60) 


2.39 
0.44 
5.65 
(60) 


2.53 

5.40 
(20) 


2.53 

6.22 
(60) 


2.35 

5.35 
(100) 


4.60 
0.80 
0.97 
(100) 


6-20f per 
MM BTU FUEL 
REQUIREMENT 

(55-85) 


Total Cost 
(millsAWH) 


7. OS 


7.93 


11.35 11.35 


7.78 


8.48 


7.93 


8.75 


7.70 


6.37 


0.6 - 1.7 


Approx. 
Availability 


now 


1985 


now 


pilot 
scale 


now 


now 


now 


now 


now, but perfor- 
mance not as yet 
known 



* Assuming 60J load factor and 40/S fuel conversion efficiency. 
** Assuming 90$ load factor and 28£ fuel conversion efficiency. 



TABLE XIV 

COST BENEFIT ESTIMATE OF S0 2 ABATEMENT OF A HYPOTHETICAL 

1000 MW THERMAL POWER PLANT* 



CO 

03 





Cost 
MM$/Year 


Cost Mills 
per KWH 


Cost per 
MM BTU (t) 


Approx. Cost of Flue Gas Desulfurization 
(9C# Reduction SO Emission) 


2.6 - 8.0 


0.6 - 1.7 


6-18 


Use of 1% of Sulfur Coal 


4.5 


1.1 


10 


Cost of a Hypothetical Tax on SO Bnission 
(9<# Taxed at $0.05Ab S0 2 ) 


7.7 


1.8 


17 


Estimated Damage of SO Emission 
$C.10/lb SO according to 
EPA** 


17.0 


4.0 


39 



* Assuming a coal-fired plant and coal contg. 2.5$ sulfur. 
Annual SO emissions rv 85,000 tons. 

** Costs to health, materials, property and vegetation (US - nationwide) 



As a matter of interest some common risks normally 
encountered at present are compared to those 

presently associated with the oeneration of nuclear 

, i (59) 
nower below. 

(1) Death by Auto Accident 1 in 5.000 

(2) Occupational Death 1 in ln.onn 

(3) Death by Commercial 1 in inn,oon 
Airnlane Crash 

(4) Death or Handicap hv 1 in 200,000 
X-ray Diaanostic Dose 

(5) Death or Handicao bv 1 in 2nn,ono 
Nuclear Plant Radiation 

A certain amount of radioactive material is released 
routinely in the operation of a CANDU-tvpe (Cana- 
dian Deuterium Uranium) power station both via the 
ventilation svstem and via the condenser cool inn 
water. An extensive effort is made to minimize 
the release of primary coolant and moderator since 
it is heavy water and valuable. Other radioactive 
releases are controlled, but an extensive effort 
is not made to reduce these to the absolute mini- 
mum. The primary released quantities are summa- 
rized below. Generally, thev %r<* only a fraction 
of the Derive Release Limit (DRL). 
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Permissible dailv Actual dailv 

releases (averaned rpleases (averaoed 

over one vear) over one vear) 

G aseous Effluents £i_/day Ci/d av 

Tritium (oxide) 4 x 10" 2 5.7 x IP" 4 

Iodine - 131 7 x 10 3 30 

Noble oases 5 x in 3 4.4 x 10 

Tritium is an activation oroduct oroduced in the reactor 

hv neutron bombardment of heavv-water moderator. It has 

a half-life of 1?.5 years and represents a possible lono- 

term hazard due to build-un in thp biosphere. Studies 

indicate that, even in an exnanded power industry, in 

the year 2000 the annual increase in backoround dose due 

to tritium will be less than 0.001? of natural backnround 

dose.< 60 > 

Iodine-131 is a fission nroduct and onlv apnears if a defect 
occurs in a fuel bundle. Fuel defects have been occurrino 
in CAMDU reactors and small quantities of Iodine-131 have 
been released on occasions, but aoain, onlv a small fraction 
of DRL. Future improved fuel performance and ventilation 
system desion are exnected to reduce this even further. 
Fxnosure oathwavs for iodine are bv inhalation and through 
foods (primarily milk). 



*Values sunnlied by Ontario Hvdro for the (?0O mw) Oounlas Point Proto- 
type Station, which is a comparatively small station by oresent-dav 
standards . 
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The radioactive noble gases may be fission products or 
activation products. The fission products are isotopes 
of Arqon, Krypton and Xenon. Noble qases have so far 
been the ma.ior radionuclide qrouo released and in some 
vears have averaoed 10% of the DPI. Imorovement in fuel 
desiqn and delay storaqe svstems will help control emis- 
sions from future larqe multi-unit stations. 

The amounts of radioactivity found in the environment as a 
result of present-day reactor operations are indistinauish- 
able from those due to natural backoround and fallout from 
nuclear-weapon testinn. Radiation caused by nuclear power 
stations can be kept well within the limits imposed by cur- 
rent radiation protection standards, but the question has 
been raised if this will be possible as more nuclear plants 
come into existence, or if allowable limits are reduced. 

The principal types of nuclear nower plants presently in 
operation in the U.S. ' are of a different type than the 
CANDU, and are also being considered bv Ontario Hydro as 
possibilities in their plannina. They utilize lioht water 
in the pressurized-water reactor (PWR) or a boi lino-water 
reactor (BWR). Radiation exposure at the site boundary of 
the American systems are presently restricted to 0.005 rem/ 
year, however, actual exposures are estimated to be consider 
ably less than this. The Americans are beainninn to desinn 
plants with reduced emission levels. It is impossible 
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to make a simple comparison of the effects of effluents 
from nuclear and fossil -fuel plants. Gas emissions 
from nuclear plants produce 'whole-body' exposure 
whereas radionuclides in fly-ash represent hazards 
to specific parts of the body. If the fly-ash is 
insoluble it lingers in the lunos; if it is soluble it 
passes into the blood and settles in the bone tissue. 
Some investiqators have attempted to compare these emis- 
sions as fractions of total dose limits allowed bv the 
International Commission on Radiolooical Protection 
(ICRP Dose Limitr 6 ^ The CANDU and American nuclear 
systems are compared to a coal -fired Dlant in Table XV, 
This rouah comparison illustrates that, from an air 
quality viewpoint, nuclear plants and coal-burnino plants 
represent about the same hazard of airborne radioactive 
substances. 

5.1.2 Water Pollution 

5.1.2.1 Fossil-Fuel Plants 

The release of conventional (i.e. non-radioactive) wastes 
from thermal qeneratino stations does not currently present 
serious water quality problems nor are such problems expected 
to arise within the next twenty years provided that provin- 
cial waste discharge requlations are complied with. Fffluents 
such as spent boiler clean-out solutions, water-treatment 
wastes and coal-pile drainage, are easily treatable at rela- 
tively low cost, utilizing existinq technoloqv. 

Discharges orioinating from wet ash-disoosal systems however, 
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Table XV 
Comparing Radioactive Gas Discharges from Fossil and Nuclear Central Stations 



Coal Pressurized- Boiling-water CANDU* 
Parameter plant water reactor reactor heavy water 

Size, MW 1000 462 200 340 

Stack discharge p 

Fly-ash, gm/yr 1.5xKT - — 

Radioactive radium and 

thorium isotopes, mCi/yr 14»1** - - 

Noble gases, Ci/yr - 3.7 240,000 161,000 

Liquid discharge 

Fission products, Ci/yr 



^ Tritium, Ci/yr 

Dose limit (ICRP), mircro-rem/hr 
Dose limit per MW micro-rera/hr 
* Douglas Point 
** 99.5$ Fly-ash removal 



tm 


3.8 
1735 


110 


57 


0.11 


0.12 



6.0 


— 


2.9 


30 


57 


30 


0.29 


0.09 



may result in the release of unacceptable quantities of 
ash or dissolved solids to the aquatic environment, 
unless the disposal systems are designed to minimize 
such releases. Fly-ash is oenerally disposed of by drv 
transport, which Doses no water Dollution problems. 
K the Nanticoke plant hov/ever, a wet fly-ash handlino 
system is beinq installed. Since a qreater oercentaqe 
of soluble material is present in fly-ash than in bottom 
ash (i.e. boiler slaq), the transport water will contain 
unacceptable quantities of dissolved solids. Consequently, 
it is planned that the slurry water will be recirculated 
throuqh a laqoon and re-used rather than discharqed directly 
to the lake. However, there is a qreater input of water 
to the laqoon than is re-used. As a result, a discharoe 
to the watercourse of about 440 qpm is expected. The 
extent to which dissolved solids will build up in the 
laqoon waters is unknown. It is expected however, that 
the water will be saturated with the various salts leached 
from the fly-ash and the discharqe of dissolved solids 
to the lake could conceivably exceed 25 tons per day ner 
1000 MW. It must be therefore concluded, that the onlv 
suitable method of fly-ash disposal for future nlants is 
by means of dry transport or by a completely closed 
recirculation system. The technology for such a system 
is available. 
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5.1.2.2 Radioactive Releases 

The release of radioactive wastes to the aquatic environ- 
ment is reoulated and limited by the Atomic Enemy Control 
Board. At the present time, the release limits are based 
upon the radiation dose limits for individual members of 
the public. They have been converted to concentrations of 
the various radionuclides in water, which will not provide 
an unacceptable radiation dose for a hypothetical oroup of 
individuals who might be drinkinq the effluent from the 
station and consumina fish that have grown in the effluent 
channel . 

Experience with several reactors in Canada has shown that 
the actual release of radioactive wastes is only a fraction 
of the allowable releases, based on concentration criteria. 
This is due largely to the fact that concentrations are 
measured in the outfall, and reactor operation requires 
larqe quantities of water for coolino purposes. Usinn 
these vast quantities of coolina water as a sink for the 
disposal of active wastes has enabled the industry to 
laroely avoid treatment of such wastes for removal of the 
radioactive constituents. 

A tynlcal CANDU nuclear qeneratino station operatinq with 
a once-throuqh cooling water system requires about 800,000 
U.S. gpm of v/ater per 1000 MW of qeneratino capacity. 
Based on the approximate averaqe flow rate of the St. 
Lawrence of 9.3 x 10 5 gpm about 117,000 MW of nuclear 
capacity will utilize the equivalent quantity of water 
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flowing throuqh the Great Lakes svstem. 

If all of these future nuclear plants were to release the 
quantities of radioactive waste allowed bv existino A£CB 
requirements, the water and fish within the Great Lakes 
mioht eventually contain radioactivity to the extent that 
the maximum permissible radiation dose levels would pro- 
bably be received by a significant seqment of the popu- 
lation of the Great Lakes areas. Recently, the Atomic 
Enemy Commission in the U.S. reduced the allowable releases 
of radioactivity from certain types of reactors bv a factor 
of about 100, thereby bringino actual and allowable releases 
more in line with each other. The AECB is also currently 
considerfnq the establishment of maximum permissible release 
criteria which will more closely aoproximate the actual 
releases from Canadian reactors. What is not known at this 
time is whether the new AECB requirements will, when imple- 
mented, require reactor owners to treat the active liquid 
wastes Drior to discharge. 

A comparison of allowable and actual releases of radio- 
activity from nuclear power plants shows that such releases 
can be held far below the quantities allowed under current 
standards. Such releases, however, could be still further 
reduced, sharply in some cases, by the amplication of nroven 
economical waste-control measures. 

To quote from reference 63: - 

"The issue involved is whether the nuclear 
industrv should possess the riqht to pollute the 
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environment or to expose members of the 
public to hazardous materials to a needless 
extent. If the nuclear power industrv does, 
in fact, have such a riqht, then all other 
industries will insist on a similar rinht with 
respect to other contaminants. The solution 
is to require all industries, includinq nuclear 
power plants, to reduce and minimize all re- 
leases of contaminants to the full extent that 
is both technolooicallv feasible and economi- 
cally reasonable." 

To quote the International Commission on Radiation Protect- 
ion (ICRP), 

"The maximum permissible doses recommended... 
values; the commission recommends that all 
doses be kept as low as practicable, and 
that any unnecessary exposure be avoided." 
The U.S. Federal Radiation Council has 
stated that the case as follows" "There 
can be no sinole permissible or acceptable 
level of exposure without reaard to the 
reason for nermittinq the exposure. It is 
basic that exposure to radiation should 
result from a real determination of its 
necessity." 
From such admonitions, a policv of actively minimizinn 
all human radiation exposure is clearlv reouired of 
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any responsible regulatory agency. 

The question of how much radioactivity should be 
released to the aquatic environment for operations 
connected with the production of power is hi only 
contentious. The necessity of balancinq risk and 
benefits is obvious, but subject to great uncertainty. 
In view of the qrowing consumption of energy and the 
existence of other environmental forces directing us 
toward the installation of greater nuclear power capa- 
city, and to ensure that the build up of radioactivity 
in the environment should not become an undesirable 
burden on future generations, it is recommended that the 
following policies be adopted; 

(1) Radioactivity in the aquatic and atmos- 
pheric environments attributable to 
controlled releases from all operations 
should be kept to the lowest practicable 
level . 

(2) The total burden of radioactivity in the 
water, sediments, and biota of the ^reat 
Lakes should not be allowed to increase 
by the discharqes of radioactivity from 
nuclear operations . 

5.1.2.3 Thermal Discharg e 

Electrical power qeneration plants, whether nuclear or 
fossil fueled, have an enemy conversion efficiency nf 
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between 30 and 40 percent. The fossil nlants 
discharge a small Dart of their waste heat into the 
air, while all the waste heat from nuclear nlants 
goes into the water. 

The use of water for coolinq purposes is a common 
practice in many industrial operations, and narti- 
cularly important in the generation of electricitv. 
Although thermal waste is common to both nuclear and 
fossil-fuel plants, nuclear plants produce substantially 
more waste heat per unit of electricitv aenerated. 
Energy-conversion efficiencies for existino nlants 
and some possible future improvements are listed below: 

Portion of Enernv 
Type of Plant Converted to Electrical Powe r 

Fossil fuel nlant 38 to 40S 

Proposed fossil plants with 53 to 5995 

MHD toppinn cycle 

Present heavy and light water 30 to 327 

nuclear reactor nlants 

Proposed advanced nuclear 39 to 43% 

reactor plants 

The electrical -power industry has a strong economic moti- 
vation to improve these conversion efficiencies and reduce 
the amount of waste heat discharqed. The nrosnects of 

a sinnificant improvement beyond the limits shown above 
by the end of the century are rather dim. 

The present controversy on thermal 'pollution' has arisen 
because of the nhenomenal orowth of the electrical -nower 
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industry, particular! v in the United States, where 
many power stations have been built on relatively 
small lakes and rivers, and have sometimes caused 
significant ecolooical chanqes in the aquatic 
environment. 

Predictino the effects of v/aste heat on the aquatic 
environment is only in the initial development staoe. 
Since temperature is considered to be the Drimarv 
control of life on earth, it is therefore important in 
a bodv of water. Because the surroundino temoerature 
can determine the species that will live and reproduce, 
ecoloqists are deeolv concerned with the threat to 
fish and other aquatic life forms which can occur 
in the future, because of increases in Dower demands. 

One or more of the followina effects may be induced by 
thermal discharges^ . As water temperature rises 
in a river or lake, dissolved oxygen levels mav 
decrease - a bioloaically important factor. 
Decomposition of oroanic (sewaoe) waste is accelerated 
by elevated temperatures, thereby further reducino 
dissolved oxyqen levels necessary for the maintenance 
of a healthy habitat. There is a decrease in spawnina 
success and in the survival of younq fish. Normal 
bioloaical rhythms and miqration patterns are confused. 
Prey-nredatory relationships are disrunted. Oxvqen 
concentrations are decreased at the very time when more 
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oxygen is needed bv the aouatic life because of the 
increase in temperature. Not onlv is the temperature 
of the water increased, but there are aot to be sudden 
changes in temnerature, for example , due to shut-downs 
of the Dlant. It is therefore difficult for a new 
web of snecies, adapted to the warmed temperature, to 
become establ ished^ ' . 

Apart from other factors such as lioht and nutrients, 
heat may also stimulate alqae qrowth. This is important 
from the aspects of water supply and recreation. 
Massive qrowths of alqae increase water treatment costs. 
Also, if certain types of alqae predominate, taste and 
odour problems can be experienced with the water supply. 

There can also be beneficial effects of heat inputs to 
watercourses. In winter, heated water may prevent ice 
formation and promote naviqation in water nassaaes 
normally blocked, although the economic advantanes of 
this seems ouestionable at present. Growinq seasons 
can be extended and rates of orowth increased for fish 
in their natural environment and in fish farms because 
of hiaher water temperatures. Swimminn areas could 
be provided in certain cold-water lakes, thus increasinn 
the recreational potential of those lakes. However, 
summertime alqae qrowth may discouraoe swimmers and 
boaters. Utilizinq the kinetic enerqy of the cool inn 
water to induce local water-circulation mav prove to 
be beneficial in improvino local water quality. The 
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Hearn plant cool inn-water system is considered to 
enhance the water qualitv in the Toronto inner harbour 
by inducinn a continuous circulation within the 
harbour. 

Althouqh thermal discharqes are not known to be a 
serious problem in Ontario at this time, available 
information is inadequate and extensive studies are 
beinq undertaken on this matter, particularly with 
resoect to the lonn-term effects. Further, the 
thermal characteristics and water quality of the Great 
Lakes differs significantly not only from lake to 
lake but at different locations on a qiven lake. 

Recent studies sponsored by the Federal Government^ ' 
have indicated that waste-heat inputs to the Great Lakes 
are expected to increase substantially in the period 
between 1970 and 2000. As an indication of the 
maonitude of the thermal input, the total man-made 
input to Lake Ontario for one year in the year ?000 A.D. 
is 6 percent of the existinn annual natural heat content 
variation within the lake. 

Increases in averaqe surface temperature (considerinn 
the whole lake) by the year 2000 are unlikely to have 
any dramatic effect on the ecoloqy of Lake Ontario. 

Local temperature increases in the area of the 
discharqe, however, may be sionificant. The thermal 
plume from the Lakeview qeneration station, for example, 
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is detectable at distances qreater than one mile 
from the discharge point on occasions (see Fioures 
11 and 12). Near-shore dynamics are such that, one 
would exDect the thermal Dlume to be detectable in 
excess of one mile radius from the discharoe noint 
for a cool inn-water discharge of approximately 
2000 cfs at 16°F above lake water temperature. 
(Proposed plants will discharge in excess of 
10,000 cfs at similar temperatures.) It is now 
possible to estimate the physical extent of thermal 
nlumes on lakes * ° ' and rivers '. However, 
the lono-term chemical, bioloqical and modification 
of the local fishery effects are not known, but 
are under study. Lake Frie is a special problem. 
It has been despoiled bv a wide variety of man's 
waste, predominately from the U.S. shore. Reference 
66 states, that Erie will be receiving the same man- 
made heat input per unit surface areas as Lake Ontario 
betwen now and the year 2000. Because it is 
considerably shallower, its overall temperature increase 
and localized water temperatures may be much qreater 
than those for Lake Ontario and it is expected that 
local fishery and biological activity will be affected. 

Some areas are much more sensitive to thermal discharges 
than others. In oarticular, regions where high levels 
of algae presently exist should be avoided (e.g. 
western and central basins of Lake Frie, etc.). Thermal 
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PLUME CENTERLIWE 



OBSERVED AND PREDICTED ISOTHERMS (NOV. 13, 1969) 




OBSERVED AND PREDICTED ISOTHERMS (JULY 23, 1969) 



discharges should be avoided in known fish snav/ninn 
qrounds or in viable fishina reaions. 

Because the near-shore reaions of the Great Lakes 
are hiqhly variable in physical, chemical, and 
biological character and because many locations are 
unique, those organizations using the water for 
cool inn should clearlv demonstrate bv appropriate 
studies that the discharge does not cause adverse 
effects at the discharge site. 

In view of the unique features of Lake Erie and the 
possible overall rise in temperature over the next 
thirty years, Ontario Hydro has been advised bv the 
Ministry of the Environment to consider the 
installation on coolino devices on any future 
thermal -electric-generati no station on Lake Erie. 

The joint Canada-U.S. agreement, which is currently 
in the final stages of preparation, will likelv 
contain objectives for discharges of heat to the 
Great Lakes svstem. Finally, certain guidelines for 
governinn thermal pollution of the Great Lakes and 
other waters of Ontario by electrical generating 
stations should be established: 

(1) In those instances where harmful effects 
can be predicted, alternate coolino 
facilities, which will not seriously 
impact the environment, should be employed 
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(2) In those instances where potential harmful 
effects mav exist, but cannot be clearly 
predicted, oower plants should be initially 
desianed so that alternate coolina facilities 
can be added at such time as evidence 
indicates sianificant adverse effects. 

(3) Coolinq-water discharges should not alter 
local existina circulation patterns such 
that other water users are seriously 
depreciated, or spawninn and fishinci 
grounds are effected. 

5.1.2.4 Control Methods of Thermal Pollution 

The waste heat must be removed from steam electric- 
generatinn plants, but where should it be put? The 
most rational control method for thermal waste is 
to use the heat rather than releasing it to the 
environment. Yet very little work has been done, 
which miaht lead to practical present-day uses for 
this waste heat. A study of potential uses of 
v/aste heat in Ontario has recently been completed' . 

It must be recognized that there are not many uses for 
v/aste heat of the low-re.iection temperatures currently 

in use (50° to 85°F). To make the best use of the 
waste heat the power plants will have to operate less 
efficiently and reject its waste heat at temperatures 
of 200, 300 and possibly 400°F. Thus, the effective 
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utilization of waste heat would have to be oreceded 
by a completely different operatino philosophy. 
Some nossible lonq-ranne alternatives are listed 
below: 

(1) Warm-water snrayinq or heatinn soil 
to extend qrowino seasons. 

(2) Heatinn and cool inn of qreenhouses. 

(3) Spray irriqation. 

(4) Snowmeltinn, outdoor heatinn and 
wintertime street and road clean* no. 

(5) Fish Farminq. 

(6) Area urban heatinn. 

(7) Waste heat and low-pressure steam 
for various industrial purposes. 

(8) Inducino better circulation in certain 
lake reoions. 

Presently, the most viable waste-heat disposal 
method is to put it into the air. If the air is used 
for heat dispersion, localized atmospheric heatinn 

could become a problem, particularly if the plant 

(74) 
were located near centers of oooulation v 

Various disposal methods are available, includinn 
direct, air-cooled condensers, cool inn nonds and 
cool inn towers. In addition, there are several 
types of cool inn towers and several ways to onerate 
the resultinn system. Space does not permit a detailed 
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discussion, but Table XVI indicates some of the 
costs associated with various control measures for 
thermal wastes. Cool inn oonds or laooons require 
sizable land areas, up to one acre per MW of 
installed generation caoacitv. 

Natural -draft cool inn towers as seen in Fiqure 13 
are presently the most popular alternative. In these 
"wet" towers, the heated water mixes with air and 
is cooled laraely bv evaporation, resultinn in a 
substantial quantity of water beinn emitted to the 
atmosphere. 

In Ontario, the environmental effect of giant-size 
cool inn towers might be expected to be more 
sionificant than elsewhere because of lengthy periods 
of freezing weather durinn the winter time. Icino 
of the roads and reduced visibility, because of 
stable fog conditions caused by moist warm olumes hittinn 
the ground, has caused concern and raised questions 
about the environmental impact of this cool inn 
alternative. 

M odel tests have shown that aerodynamic flow disturbance 
behind the tower can, under certain wind conditions, 
produce a downwash causinn the plume to touch down a 
few tower heinhts away and deposit water on the nround. 
P buffer zone of perhaps 1 mile, around evaporative 
cool inn towers, could prevent a loeal reduction of 
visibility and qround icing on public nropertv. 
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TABLE XVI 



71 

3 



COMPARATIVE COSTS OF 
Tvpe of Svstem 


COOLING WATE* SYSTEMS FOR STEAM ELECTRIC PLANTS 

Investment Cost for a 1.000 Megawatt Plant 
Fossil Fuel Nuclear Fuel 


Increase in 
Operating Costs 
Kills Awh 




Or.ce-through , no control measures, 
heat discharged directly into a 
fresh water river or lake 


This method taken as base-line — it is the 
minimum cost option and requires no 
additional costs 




Cooling ponds with recirculation 
of the water from the pond 
(approximately 1,000 acres needed 
for a plant of this size) 


$/+ to 6 
million 




$6 to 9 
million 





Wet cooling towers, most heat loss 
to atmosphere via evaporation with 
resultant production of fogs, 
mists, and considerable water loss 


$5 to 9 
million 




$8 to 13 
million 


Forced 0.0771 
Draft 

Natural 

Draft 0/0211 


Dry cooling towers, heat trans- 
ferred to atmosphere without 
evaporation, no resulting fog or 
mist. To date no such towers have 
been constructed for a large 
power station 


perhaps 
$20 million 




perhaps 
$25 million 


0.0937 



Fit IRE 13 



■ 




FOUR COOLING TOWERS serve the Key 
htone Steam Electric Station in western 
Pennsylvania. 



COLLECTING BASIN 
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Updated air-ouality reoulations forthcominn from 

the Ministry of the Environment will olace an 

emission limit on water vaoor such that a 

30 minute average at the Doint of impinoement 

for a receptor mav not exceed 0.25 arams of water 

vapor per cubic meter. This limit is imposed to 

prevent foqqinn and/or icinq from man-made vapor 

sources. 

(75) 
Althouqh a preliminary analysis ' indicates, that 

this coolino method will probably, in the next 

two decades, result in lower overall environmental 

impact than puttinq waste heat into water, more 

work in this area is needed. In particular, the 

flow characteristics of the plume in the wake 

of arrangements of several towers must be 

determined. 

Also, it should be noted that when wet coolino towers 
are used for fossil -fuel plants, the S0„ emissions 
mav interact with the water formina sulfuric 
acid mists. Obviously, such situations should be 
avoided. 

"Dry" coolina towers which contain a closed-circuit, 
cool inn-water svstems, would resemble giant 
automotive radiators. They eliminate the problems of 
wet towers outlined above. The clear advantage of the 
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dry-tvoe cool inn tower, over all the other cool inn 
devices, is its independence of larne bodies of 
water. It would permit consideration of manv 
more potentially attractive sites and would reduce 
the demand for hinhlv valued land adjacent to 
water bodies. Its major disadvantanes are its 
high cost as shown in Table XVI, and that to date no 
such towers have been constructed for a larqe power 
station. 
5.1.3 Impact on Land Use 

(i) Hydroelectric Power Generation - Dams and 

reservoirs affect water qualitv through thermal 
channes and interruption of the natural 
patterns of stream discharqe. 

The physical chanoes resultina from hydroelectric- 
power production affect fish production by 
preventinq miqration to spawnino beds and causinn 
fish kills. Soawninq and nursery habitats are 
destroyed or chanqed. Waste enterinq the 
water from construction sites affect the chemical 
and physical properties of downstream habitat. 
New species of aquatic life can be introduced 
into receivino waters disruptinq fish communities 
and introducino new diseases and parasites. 

Stream regulation and diversion for the 
neneration of power must be compatible with 
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existinq downstream water uses, nor should 
flow requlation inhibit downstream development 
by denyinn the water resources to downstream 
users. In no instance should the river 
flow be reduced or fluctuate to such an 
extent that water-quality imnairment exists 
downstream as a result of existino uses. This 
has occurred to some extent on the Madawaska 
River. 

Low-water levels can limit recreational use, 
decrease shoreline DroDerty value and jeopardize 
aquatic biota. In addition, the fluctuation 
flow, combined with higher than normal peak flow 
rates durinq periods of maximum power generation, 
contributes greatly to increased erosion rates 
of the stream bed. The higher sediment loads 
carried by such streams impair the qualitv of 
water for potable use and consequently increase 
the costs of treatment. 

It is also possible for diversion of flow through 
hydroelectric generators to decrease substantially 
the desirability of a waterfall as a tourist attrac- 
tion. Niaaara Falls, for example, is one case 
where the requirements of tourism have dictated 
that a minimum streamflow over the Falls be main- 
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tained. Kakabeka Falls on the Kaministikwia 
Piver near Thunder Bay has not fared as well. 
This Falls, once one of the finest natural 
attractions in the area, has been reduced to 
a fraction of its normal flow because of the 
diversion of the water for power generation. 

Both in the operation of existing hydro generation 
plants and in the planning of new possible hydro- 
electric facilities, it is recommended that deci- 
sions affectinn the following areas be carefully 
co-ordinated between coqnizant government depart- 
ments ; 

(a) Effects of water-level fluctuations on 
flora and fauna, shoreline erosion, timber 
production, and recreational use upstream 
and downstream from dams. 

(b) Effects of dams, diversions, etc., on the 
aquatic environment. 

(c) Details of land clearing for impoundments, 
i i ) Transmission Lines 

Approximately 100 acres are required for one mile 
of transmission lines; the farther away an electric 
station is from the consumers of power, the more 
land is removed from other uses. Yet, the closer 
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a power plant is to consumers, the areater are the 
•chances of harmful exposure of larqe numbers of people 
to the various pollutants produced by these plants. 

Most of the environmental factors imply that the 
oeneration plant is best removed from population 
centers until the pollution abatement techniques 
discussed previously can be practically apnlied. 
Nevertheless, the aesthetic senses of increasino 
numbers of Deoole are offended by transmission lines 
and by certain environmentally questionable orac- 
tices in maintaininq them. 

Ontario Hydro appears committed to construct new 
rinhts-of-wav in Southern Ontario in such a way that 
they will have a minimum imoact on the surroundina 
topooraphy. However, it is reported that separate 
(less strict) procedures will be issued for Northern 
Ontario. It is recommended that the policy adopted 
for Southern Ontario be extended to areas of Northern 
Ontario in the vicinitv of present and nossible 
future populated areas, and areas havinn present or 
future recreational and aesthetic values. 

The use of herbicides and defoliants in clearina and 
maintaining transmission line riahts-of-wav has been 
questioned by several conservation qroups and indivi- 
duals in briefs to Task Force Hydro. An investigation 
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of this practice by the Ontario Pesticide 
Advisory Committee concluded that the current 
practices of Ontario Hydro, the tyoe of 
herbicide used, the applied concentration and 
method should not lead to future difficulties 1, ', 
and recommended that public qrouos be fully in- 
formed of the practices and invited to accompany 
the sprayinq teams. It should be noted that other 
types of qround-cover can be planned and used for 
weed control purposes. This approach should be 
encouraqed. 
(iii) Solid Waste Disposal 

The disposal of ash waste materials, mostlv from 
coal-burninq plants presents little problem in 
terms of utilizina this material in controlled 
landfill sites. The product is relatively inert, 
poses little leachate problem, can be easilv 
handled and spread on the site and when covered 
with approximately two feet of top soil and sodded 
can be used almost immediately for limited recrea- 
tional purposes. 

Some preliminary research has been done us inn fly- 
ash as a filler material for road foundations and 
also as an aooreaate for cinder-block construction 
and undoubtedly additional uses can be found for 
this product in the future. 

Radioactive waste disposal is reoulated both at 
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the federal and provincial level. Orioinallv, 
the policy of radioactive-waste disposal was 
to have all material buried in one controlled 
site on crown land so that control in perpetuity 
could be effected. Since the inception of radio- 
active-waste disposal, data collected with res- 
pect to on-site safety techniques, miaration of 
radioactive products and aeneral control of the 
site indicate now that other sites may be consi- 
dered for this ournose. 

Liauid radioactive wastes can be processed in a 
number of ways to reduce the amount of radiation 
to a point v/here secondary methods of disposal 
can be employed. Some of these methods would 

include; 

(a) chemical precipitation 

(b) ion exchange 

(c) absorption 

(d) dilution and discharoe into sewers 

(e) deep-well disposal 

(f) combustion 

It should be remembered however, that in each tvpe 
of treatment, there will still be a solid-waste 
disposal problem associated due to the various bv- 
products produced, process material and basic 



- 168 - 



equipment, which will wear out over a neriod 
of time. 

At present, it is very difficult to quantify 
this aspect of waste material associated with 
energy production, until firm fiqures are avail- 
able with reqard to percentages of enernv 
produced by nuclear sources as comoared to others 
5J - 4 Future Impact of Large Thermal Power Plan ts 

The growth of electrical power demand and the current 
tendency of installation of nower olants of increased 
capacity will undoubtedly continue in the next two 
decades and will result in the construction of more 
power plants in the size ranqe of 4ono mu and above. 

Mr quality is not consistent across Ontario. There 
are laroe areas where air pollution is virtually 
non-existent. In areas with large populations and 
industrial development, air pollution is a serious 
Droblem. Ontario's cities are expected to orow 
considerably in size and population durinq the next 
two decades (Table XVII). This growth undoubtedly will 
also result in increased quantities of pollutants beino 
emitted or discharqed into the environment bv a variety 
of sources. In the followino the potential impact of a 
laroe hvohothetical 6000 MW power plant will be examined 
and predictions of 1991 ambient air quality in three 
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TABLE XVII 



POPULATION FORECAST FOR ONTARIO 









Per Cent 




1971 


1991 


Increase 


Ontario 


7,582,000 


10,321,000 


362 


Toronto 


2,436,000 


3,596,000 


482 


Hamilton 


492,700 


742,600 


512 


Sudbury 


130,500 


191,800 


472 


Sarnia 


70,510 


110,500 


482 


Windsor 


232 ,300 


328,300 


412 


London 


230,700 


328,600 


422 



Data from reference 79. 
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different reoions will be made by addina the 
emissions of a 6000 MW fossil-fuel plant to the 
projected emissions f rom other sources assuminq 
a 75% SO,, removal for power stations. 
5.1.4.1 Mr Quality 

Calculated ground-level concentrations of S<^, 
N0 X and solid particles, downwind from a hypothe- 
tical 6000 MW coal -fired plant, are shown in Hnures 
14 to 16. These calculationswere made to illustrate 

the potential impact of plants of this size on the 

(78) 
environment/ Calculations were made for 1000 ft 

hiah stacks, 2.5% sulfur coal and typical weather 
conditions. The predicted ambient SO concentrations 
(Fiqure 14) without a removal Drocess, exceed the 
Reflations between 5 and 12 miles, with a 75'/ 
efficient SO,, removal process in operation, the 
ambient-air criteria are exceeded for a short distance 
around 6.5 miles from the station (Fioure 17). Both 
N0 X and particulates do not exceed their maximum permis- 
sible concentration at the point of impingement, but 
the expected HO^ concentration leaves little margin for 
additional NO^. emission from other sources, 
(i) Rural Location 

Fiqure 18 shows the SO ? around-level concentrations 
in a typical rural area for a hypothetical lake- 
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Fig. 14 Predicted Downwind Concentrations SO for a hypothetical 6,000 Megawatt 
Power Station (Hourly Average p. p.m. ) 
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FIGURE 18 



front olant with 75% SO- removal . The con- 
centrations shown also include those of small 
farminq or rural communities and indicate that 
even larne plants can operate within the present 
Regulations in isolated areas if SO emissions 
are reduced, by some means, by 75$. 

( i i ) Locations Near Moderate-size C ities 

Figure 19 depicts the SCL around-level concen- 
trations for a lame hypothetical olant on 
Lake Erie somewhere south of London, Ontario. 
London is a sizeable center of Population with 
little industry and the air nualitv in 1970 was 
quite aood. Should a 6000 MW fossil -fuel Gene- 
ration station be constructed south of London 
on Lake Frie, then hourly concentrations of 
SO may exceed the criteria. The same would be 
true of St. Thomas or other similar small cities. 
Therefore larae future coal -fired station sites 
should be at least 30 miles from moderate-size 
cities, if the Regulations are not to be exceeded. 
It is particularly important to provide a larne 
enouqh buffer zone in areas with existinn air 
nuality problems. 

( i i i ) Locations Near Very Large Urban Centers 

The only area in Ontario by 1991 which is included 
in this cateaory is the "Golden Horseshoe" 
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renion, Oshawa to Hamilton and includinn 
Toronto. The major impact upon the air quality 
in Toronto is made by the Hearn and the Lake- 
view aeneratinq stations. The nresent contri- 
bution of pollutants from various maior sources 
are shown in Table 11. The resultinn air 
quality in Toronto due to S0 ? and particulates 
emission is marainal with respect to thp ambient 
air criteria.' 80 ^ It is therefore believed 
that the ambient air criteria will not be met 
in 1901 with respect to SO^ due to the over- 
ridino effect of the Lakeview aeneratinn 
station, unless a more extensive S0 ? ahatement 
proqram is introduced for the Toronto area. 

It is ouite evident that this area cannot take 
the stress of additional emission imposed bv 
expanded fossil -fuel qeneration capacity. 
Ontario Hydro recoqnizes this and nlans no 
exnansion in Toronto. Also, additional fossil - 
fuel plants in the southern part of the Toronto 
Centered Region^ ' should be avoided until 
S0 ? and NCL emission control is available. 



5.1 .4.2 Water Oualitv 



Because of the complexity of defininn the overall 
quality of the aquatic environment, particularly the 
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lonq-term effects and the interactions of manv 
different uses, each future power plant should 
be considered on its own merits. 

Some estimates of the heat inputs to the Great 
Lakes to the ve^r 2000 have been made by H.G. 
Acres Limited.' 66 ' There are also some future 

water-ouality projections in reports by the Inter- 

(27} 
pational Joint Commission/ ' While the lonn- 

term effects on a aiven lake have vet to be 
adeouatelv predicted, it is instructive to see the 
relative amounts of waste heat beino added to the 
lakes up to the year 2000. These fioures are shown 
on Fioure 20 toqether with the projected boundary 
of the Great Lakes "urban" meaalopolis area. The man- 
made heat inputs to Lake Ontario and Lake Frie in 
2000 is estimated to amount to about 6 percent of 
the natural inout. These estimates also indicate 
that Canada and the U.S. are nresentlv puttinn about 
50 times the amount of waste heat in these lakes as 
is beina put in Lake Superior and by the year 2000 
this ratio will increase to 600 times. 

/*cres^ 82 ' and others^ 27 ' have calculated the tempe- 
rature rise on the lakes by usinq an overlv simnlistic 
model which considers the lake a comnletelv mixed bodv 
of water into which the heat will be homoqenously 
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FIGURE 20 
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Year 

1968 
1980 
2000 



IMTINT Of ««»T LAKES MEOALOROLIt 



Average Man-made Thermal Input In Btu /hour ft" 



Lake 
Ontario 

0.093 
0.274 
1.26 



Lake 
Erie 



Lake 
Huron 



Lake Lake 

Michigan Superior 



.126 



1.20 



0.0077 



0.289 



0.046 



52 



EXTENT OF GREAT LAKES MEGALOPOLIS AND 
AVERAGE THERMAL INPUTS TO LAKES 
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0.0021 



0.022 



distributed. This could never realistically be 
expected to occur. Instead one can expect the 
heated effluents to more or less maintain their 
inteqrity for a period of time and move with the 
wind-drifted currents. These currents are prima- 
rily along the shorelines. It is in the shallow 
waters that the principal spawnina, nurserv and 
foraoinq nrounds occur for most fishes and manv 
aauatic invertebrates. Thus, the near-shore water 
temperatures determine the fate of most of the 
ecosystems in the lake. Further, these are the areas 
most affected by thermal discharoes. 

Local shore-heatinq effects as shown by the thermal 
plume of the Pickerino Station, Fiaure ?1 (also see 
Finures 11 and 12) are of the main concern, not only 
with respect to temperature chanqes by the near-shore 
currents, but also with respect to circulation which ( 
can be directly related to the temperature chanoes. 
Each plume could travel alonq the shore, and ultimately, 
with stations averaqinq in to 20 mile snacinn on Lake 
Frie or Ontario, may result in an almost continuous 
band of warmed water. Possible effects of thermal 
discharoes on ecosystems of the shoreline were discussed 
in Chapter 5.1.?. 
OWRC has recommended that no further heat he added to 

- IB? - 




Qv -- 4&c* sf s 



FIGURE 21 



La^f OkJtaGMo 



the Western Basin of Lake Erie. This recoanizes 
that this basin is in ecological difficulty and 
that further stress is undesirable. Any of the 
Great Lakes could eventually approach the state of 
the Western Basin of Lake Frie. It is not possible 
to estimate the time at which this will occur for 
any qiven lake because it denonds on all aspects of 
man's activity around the lake. 

Water should be recoonized as a renewable resource 
and as with any other renewable resource, be managed 
so that the use of it does not effect a significant 
chanqe. The stress placed on the resource should 
not exceed its ability to make up the loss. If the 
heat is to be thrown away and it is not put into 
the water, then it must ao into the air or into some 
other larqe heat sink. Thus, water quality in the 
future depends not on extrapolation of present trends, 
but (1) on the ability of reoulatory aqencies to 
formulate suitable Guidelines for water-nualitv preser 
vation and conservation, {?.) on the ability of 
ennineers to arrive at innovative solutions to well- 
known problems, and finally (3) on the willinnness 
of water users of all types to incorporate these 
solutions. 
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5.1.4.3 Aesthetic Values 

Our knowledoe and sense of values have channed sioni- 
ficantly and are continuinci to channe. We are beoin- 
nina to realize our dependence uDon the intricate 
weh of nature, of which we ar^ part. If we are to 
be concerned about the oualitv of life, we must oive 
attention to the quality of our man-made environment. 

In the planninq and construction of a power system, 
environmental protection and maximum economy are not 
entirely compatible. While environmental effects 
cannot be wholly eliminated, they can be minimized 
by care in design, construction and operation. 
Aesthetic values should be taken into account by 
careful sitinn and desion. 

With the continuing trend towards very la roe s teas- 
el ec trie genera ti no stations combined with the Public 
demand that power stations be located outside urban 
areas, then the increased use of transmission lines 
is a forenone conclusion. On the other hand, a 
public outcry is beginning about the aesthetic 
depreciation of the environment caused bv lame 
unsightly transmission towers. Lesser effects 
include interference with th^ reception of radio 
and television signals . 

In addition to the transmission lines associated 
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with power qeneration facilities, the erection 
of coolinq towers 500 ft. hiqh and stacks lono 
ft. hioh will also tend to destroy the aesthetic 
value of the landscape. 

Loss of enjoyment of recreational facilities due 
to pollution-caused problems cannot be measured 
in pure financial terms, yet, somehow it must be 
considered in thn value of life. 

Summarizino, in oast enerov developments , too little 
attention has been naid to their effects unon aesthe- 
tics, to the detriment of the nualitv of life. In 
future, some consideration should be oiven to these 
values when planninq future enerciy developments , 
but it may be necessary to trade one environmental 
condition anainst another. Education of the public 
in these matters and in the consequences of all the 
alternatives will aid in arrivino at the rioht solu- 
tions. 
5.1.5 Future Technical Developments 

Other enerqy sources mav come into existence over 
the next twenty years and certainly beyond. The 
purnose here is to indicate briefly the environ- 
mental impact of these developments rather than 
their technical or economic feasibility. Additional 
details of these methods mav be obtained from a 



- 186 - 



series of papers in reference 83. All of the 
proposed methods require extensive research and 
development before their relative usefulness can 
be determined. The relative expenditure of monev 
on research and development in the M.S. is of 
some interest and is listed below: 

$30 million per vear on nuclear fusion, 
S420 million per year on nuclear fission, 
Ipss than $1 million oer vear on solar enprnv, 
$?0 million p^r vear on fuel cells, 
$2 million ner war on maonetohvdrodvnamics . 

and more than $30 million ner vear on coal 
qasification. 

( i ) Hannetohydrodvnamics (MHD) 

MHO nower aeneration relies unon the hinh- 
velocity flow of a conductino fluid throunh 
a transverse maanetic field. Fither, hot 
ionized-nases or a linuid metal, can be 
used with Generators operatinq at temneratures 
of 3500 - 500°°F and thev would nroduco elec- 
trical nower form fossil fuels at e f ficiencies 
of up to 60%. It is being considered as a 
topnino unit on a conventional steam nlant. 

Fasily ionized substances are added as seedino 
material to the combustion oases to increase 
their electrical conductivity. 
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With the use of a non-sulfur notassium seed, 
complete elimination of SO emissions is 
possible. Thermal pollution is less in 
the MHO olant compared with the nuclear 
plant. 

A number of difficult enuinment problems 
have to be solved before mhd systems could 
be escalated to full commercial size. 

(a) The extremely hioh reactor temne- 
ratures reouire snecial heat- 
resistant materials and snecial 
heat-exchanger desiqn. 

(b) Corrosion problems caused by the 
seeding material will be severe. 

(c) The hinh oneratinn temperatures 

of the MHD system may create lame 
quantities of NO.. i n the the exhaust 
oases. 

Development of MHD units up to 40 MM fin 
Russia) has been pursued in several countries. 
The effort in North America is at a low ebb 
at the present, 
(ii) Fuel Cells 

Fuel cells, in which chemical enemy is con- 
verted directly into electricitv, are virtually 
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non-Dollutinq systems for the Generation of 
electricity, at efficiencies of 50 - 60% 
compared to the normal thermal qeneratinn 
station efficiencies of 30 - 40 . 

However, before fuel cells can become a 
maior electrical power source, a number of 
critical problems would have to be overcome. 

(1) Because of their small size, their 
sensitivity, and the larae maintenance 
requirements, they do not, at present, 
lend themselves to the construction 

of larqe-size electrical oeneratinn 
units. 

(2) Since the best fuel is hvdronen, the 
larqe scale fuel cell must be located 
with pipeline connections to commer- 
cial hydronen manufacturinn facilities. 

(3) To date, fuel cells have not been able 
to operate trouble-free for lonn 
periods of time, and their cost is high 

It is believed that they offer a aood future 
potential for Northern Ontario, because they 
will provide a small imnact on the fraoile 
ecoloqy of that reqion and power will be re- 
quired in widely seoarate reoions. 
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( i i i ) Breeder Reactors 

The breeder reactor is based on the 
principle that certain atoms become 
fissionable after they have reacted 
with neutrons. There are atoms of 
this type; uranium- 2 38, which on react- 
inq with a neutron becomes fissionable 
plutonium-239 and thorium-?^?, which 
becomes fissionable uranium-?33. The 
breeder reaction will make available 
for use the entire world sunplv of 
uranium-?38 and thorium-23?, with an 
enemy equivalent of several thousand 
times that of thp initial world supolv 
of fossil fuels. 

Several tvnes of breeders are beino 
developed: (1) usino liquid sodium as 
coolant, (?) usinq helium qas at hinh 
pressure as coolant, and (3) usinn 
molten salt as coolant. In the first 
two tvpes the reactor chamber will be 
hermetically sealed (water and air must 
be excluded from the chamber containinn 
sodium). Experimental breeders have been 
in operation since 1963 and the first 
commercial breeder power plant (innn 
meaawatt canacity) is planned to be in 
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operation in 1984. 

Current fission reactors and future 
breeder reactors will produce approxi- 
mately the same tynes of fission nro-^ 
ducts v/hich will have to be dealt with, 
however the breeders will contain much 
qreater quantities of radioactive 
materials at one time. As a result their 
development is beinn opposed by some 
oroups parti cularlv in the United States. 
Some of the hazards of breeder reactors 
are listed below: 

(1) Hiqher core temperatures result 
in hiqher probability of melt- 
down of fuel rods with result inn 
criticality. 

(2) Liquid sodium becomes hiohlv radio- 
active due to neutron bombardment. 
When replacement of sodium is neces- 
sarv, this represents a special 
disposal problem because of the 
larqe volume of contaminated 
material with hazardous chemical 
properties. 

(3) In the event of rupture of the heat 
transfer systems, the liouid sodium 
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would react explosively in the 
water. 
(4) Past breeders will contain larae 
quantities of nlutonium which has 
a lower critical mass (13 lbs.) than 
uranium-?35 (20 lbs.) and acci- 
dental failure could result in 
nuclear exolosion, althouoh th* 
chance is remote. 
( i v ) Fusion Reactors 

Fusion reactions based on the use of deuterium 
(n ? ) mav eventually become a major source of 
electrical power on a lonn-term basis because 
there is an almost inexhaustible source of 
deuterium in sea water. In addition, this 
tyoe of reaction produces only non-nollutino 
and non-radioactive nases. with a verv small 
amount of disposable wastes alonn with elec- 
trical eneroy conversion efficiencies of 90' . 
From an environmental standnoint. this 
method of neneratina power is highly desi- 
rable because: 

(1) There are no radioactive waste 
products to nrocess or store. 

(2) There is no danner of nuclear 
exolosion. /^ny failure in the 
svstem containinn the nlasma will 
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result in immediate quenchino of the 
reaction since it cannot occur und^r 
ordinary conditions. 

(3) In the event of failure, the total 
release of radioactive materials 
would be very small. The only radio- 
nuclide released would he tritium of 
which there would be onlv in knm in 
the reactor at one time. 

(4) There is the nossibilitv of convert- 
ino olasma eneroy directly into elec- 
trical enerov, thereby eliminatinn 
the nroblem of waste heat. 

The chief environmental nrohlem exnected to 
arise from fusion reactors is the escape of 
tritium durina operation. The possible 
extent of this release is not known at 
present. However, the reactions occur onlv 
at temperatures of 100 million to 500 million 
deorees K, temperatures at which any mecha- 
nical container would be vaporized. The 
difficult task presentlv under development 
is to devise maonetic bottles in which to 
contain these reactions. Estimates vary 
qreatly as to the time when controlled fusion 

- 193 - 



may be achieved, 
(v) Solar Power 

Direct conversion of sunlinht is an environ- 
mentally ideal Dower source. The possible 
use of solar eneray for the Generation of 
electrical oov/er has three alternative 
methods which could be considered. 

(1) Transmission of oower, collected 
in space bv means of a satellite 
svstem via microwave to a receivinn 
system located on earth. 

(2) The collection of enerav on the 
surface of the land bv solar cells 
or storaoe media with its conver- 
sion to electrical power. 

(3) The location of a floating power 
station in warm ocean waters, 
which would be used for power aene- 
ration. 

It would appear that none of the above methods 
could be developed comrnerciallv on a laroe- 
scale before the next century. 
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5.2. Impact of Energy Use By Transportation 

5.2.1 Air Pollution 

In 1970 the transportation sector accounted for 2?.% o* the 
total energy consumed in Ontario (Table XVIII). Althouoh 
its relative enerqy consumption is expected to decrease by 
1990, the total eneray consumption will more than double 
durinq this period. Oil or fuels derived from oil provide the 
lamest enernv source of the transportation sector now and in 
the foreseeable future (Table XIX). As a result almost all of 
the pollution caused by the transportation sector is related 
to the consumption of liquid fuels. 

Ideally, the only products of combustion of liquid fuels would 
be water vapour and carbon dioxide. However, emissions by 
some transportation sources are far from ideal, resultino in 
varyino deqrees of air pollution. 

The emissions that fall into the catenory of air nollutants 
include: lead compounds, particulate matter, carbon monoxide 
(CO), oxides of nitrooen (NO..), unburned and partially oxi- 
dized hydrocarbons (HC), and sulfur oxides (SCL). The form- 
ation of these products is a direct result of the combustion 
of hydrocarbon fuels in air. The extent of the emissions 
depends on many factors, some of which are inherent in the 
desion of the enoine. 
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TABLE XVIII 
ONTARIO'S ENERGY DEMAND BY CONSUMERS 



12 

Consumer (in brackets: percentages of total) 

1970 1980 1990 

Transportation* 394 (22) 625 (19) 923 (18) 

Residential and 

Commercial * 537 (30) 743 (23) 984 (19) 

Industrial * 6l6 (35) 1013 (32) 1545 (29) 

Electric 

Utilities 229 (13) 830 (26) 1785 (34) 



TOTAL DEMAND 1776 (100) 3211 (100) 5237 (100) 



Excluding Electrical Energy 
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TABLE XIX 
ENERGY DEMAND OF TRANSPORTATION BY SOURCE 

To 
10 x * BTU 

(in brackets: percentages of total) 
1970 1980 1990 



Oil 393 (99.8) 608 (97.3) 873 (93.2) 

Natural gas and 

Propane negligible 15 ( 2.4) 50 ( 5.3) 

Electricity 1 ( 0.2) 2 ( 0.3) 14 ( 1.5) 



TOTAL 394 (100) 625 (100 ) 937 (100) 



i 
i 
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In Toronto transportation accounted for over 97% of the 
CO, about 687 of the HC and 22°/ of the N0 X emission of all 
power consuminq sources (Table II). Pollutant emission by 
transportation therefore affects the environment at the 
nresent time, particularly since the pollutants are emitted 
at around level . 
5.2.1.1 E missions by Automotive Sources 

Automobiles are the lamest single emission source of carbon 
monoxide and lead in the air. Finure22 summarizes the expected 
automotive emission for the next twenty vears with and without 
abatement controls. Without controls the total emission will 
more than double during this period as a result of an ever- 
increasinq vehicle population (Table XX). 

Proposed legislation calls for a 907 reduction of pollutant 
emission by 1976 (Table XXI). *s a result, emission of the 
post-1976 model vehicle population will be reduced effectively 
but pre-1969 model cars will continue to be the major contri- 
butor to overall automotive emission until replaced by more 
recent models. At about 1978 pre-1969 models are expected 
to constitute 10% of the total vehicle population, their 
emission, however, will be about the same as the emission of 
the remainina 907 of vehicles. 

(1) Carbon Monoxide (CO) emission results from incomplete 
combustion of fuel in the internal combustion (IC) 
enqine. Fxhaust gases of uncontrolled vehicles contain 
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TA3L2 XX 
ESTIMATED Al.rTOF.OT I VE EMISSIONS 

III o::r.\Rio 



o 




Year 


Total Emission 


Vehicles- 
Population 


Carbon Monoxide 
(1C0C tons/yr.) 

No 

Controls Controlled 


i 
Hydrocarbons'*" 
(1000 tons/yr) 

Mo 

Controls Controlled 


Nitrogen Oxides 
(1000 tons/yr. ) 

Mo 
Controls Controlled 


T j2 

Lead 

(1000 tons/yr.) 

No 

Controls Controlled 


Sulphur Dioxide*^ 
(10C0 tons/yr.) 

No 

Controls 


1970 


2,437 2,2U 


364 339 


127 142 


7.2 7.2 


7.84 


2,625,000 


1974 


2,968 2,185 


434 312 


152 167 


8.8 8.8 


9.60 


3,133,000 


1975 


3,000 1,402 


439 226 


192 167 


9.2 3.3 


10.00 


3,200,000 


1930 


3,700 874 


541 125 


237 89 


11.4 0.9 


12.40 


3,900,000 


19*5 


4,450 675 


666 106 


291 37 


13.2 


14.40 


4,800,000 


1090 


5,600 717 


819 122 


358 29 


17.2 


18.70 


5,900,OCC 



(1) Estimated by J.G. Jefferies, Chief, Automotive Emissions Control Section, Air Management Branch, Ministry of the Environment 

(2) Based on estimated average lead content of gasoline sold in Ontario (2,6 g. lead/US gal.) 

(3) Basad on estimated average sulphur content of 0.04^ of Ontario gasoline. 



TABLE XXI 

AUTOMOTIVE EMISSION CONTROL REQUIREMENTS DUE TO FEDERAL LEGISLATION OR 
PROPOSED FEDERAL LEGISLATION 



i 

8 

I 



Model 
Year 



Pre-1969 



1969 

1970 

1971 

1973 
1976 



Emissions in g/vehicle mile 



Hydrocarbons 
% 
Kmjssion Control 



17.0 (+13.8)* 



5.8 (+6.2)** 61 

3.8 (+6.2)** 68 

3.U (+1.0)** 82 

3.4 (+0.3)** 88 

0.4 (+0.3)** 98 



Carbon Monoxide 
% 
Emission Control 



125 







60 



52 



39 


69 


39 


69 


39 


69 


3.A 


97 



Nitrogen Oxides 
% 

Emission Control 







6 
6 
3 
0.4 



-20** 



-20** 



-20** 



40 
92 



Possible Control Methods 



None 



Thermal exhaust gas 
reactors, air pump3 
crankcase blowby recircu- 
lation. 

Engine modifications. 

Evaporative controls. 

Exhaust gas recirculation, 

Catalytic devices. 






Hydrocarbon emissions from crankcase blowby and evaporative losses. 
Hydrocarbon emissions from evaporative losses. 

Hirher engine temperatures occur as a result of the control systems. These higher 
temperatures cause an increase in the emission of nitrogen oxides. No control 
required until 1973. 



3 - 4% CO. Fiqure 22 projects CO emissions assuminq 
enforcement of present control measures. By about 
1990 the total CO emission will be reduced by 85". 
Presently CO air quality criteria are only occasionally 
exceeded in areas of high traffic density, althouah 
the arithmetic mean concentration approaches the 24 
hour standard. It appears that 1072 CO. emission stand- 
ards (697, CO reduction) will suffice to control en 
emission for the forseeable future. As a result, CO 
emissions are not believed to represent a serious prob- 
lem. 

(ii) Hydrocarbon (HC) emissions result from three sources in 
automobiles (Fiqure 23). Increasinolv stricter controls 
will effectively reduce HC emission until 1985 and result 
in a reduction of t otal HC emission until about 1^82 
(Fiqure 5). After 1085 HC emission from automotive sources 
may he expected to increase aoain as a result of a orow- 
inq vehicle population. Some hydrocarbon species take 
part in the formation of photochemical smoa, which will 
be discussed later. 

(iii) Nitrooen Oxide (NQ y ) emission is expected to increase 
up to 1975 as a result of both increasino vehicle popu- 
lation and increased NO emission of 1%9 to 1972 models. 
A 40? reduction of NO emission is expected from 1973 
vehicles as a result of NO., standards that ?^re comino into 
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FIG. 22 - PROJECTED AUTOMOTIVE 
EMISSIONS FOR ONTARIO 
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FIGURE 23. 



SOURCES OF POLLUTANTS 
FROM AN AUTOMOBILE 
WITHOUT EMISSION CONTROLS 







force for the 1973 model year. However, the increa<;p 
of N0„ emission bv the total vehicle population will 
not come toa halt until after 1976 when Federal emis- 
sion standards for 1976 models are scheduled to come 
into effect (Table XXI), which call for a 929! reduction 
of NO relative to nre-1969 models. From 1975 to 1990 
NO emissions will decrease as a result of the 1^76 
emission control standards. Catalytic mufflers are 
presently beinq developed to achieve the 1<W standards. 
NO is also a smoq innredient. 
(iv) Lead Particulate emission from cars orioinates from the 
presence of tetraethyl lead (TEL) additive in nasolines. 
Lead from qasoline powered vehicles is bv far the larnest 
sinole source of airborne lead. Lead emissions by motor 
vehicles is expected to increase until 1975 and to de- 
crease after that as a result of usaae of unleaded or 
low-lead aasoline which is required bv vehicles equipped 
with catalytic mufflers. In Ontario urban areas tvnical 
averaoe lead values in ambient air are 1 to 5 un/m air 

which is well below the present standard for airborne 

3 
lead of 15 uq/m . However, in the event of unrestricted 

and continuinq use of lead in qasoline after 1^75, a 

substantial increase in lead in urban air can be expected. 

(v) Particulate Matter Automobiles di recti v and indirectly 

responsible for substantial amounts of airborne parti - 
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culate matter in urban areas. Most recently, traffic 
qenerated airborne particulate was estimated at 35 
million pounds per year in Metropolitan Toronto 
(Table XXII). This accounted for about 44% of the 
total emissions of particulate matter in 1971 in this 
area. 

Heavy-dutv diesel emissions of CO, HC and N0 X by trucks 
are minor compared with automotive emission (Table XXIII) 
Particulate emission, however, is substantial. Exhaust 
odor is one of the more persistent emission problems 
associated with diesel ennines. Chemical characteri- 
zation studies of the composition of odorants are as 
vet incomplete.^ 85 ' Pmonn the identified substances 
were nhotochemically reactive compounds of hi ah smon- 
formino potential. It is for this reason that diesel 
emission should not be overlooked. Their contribution 
to smog formation should be carefully studied. The 
solid particulate matter may also carrv malodorous 
hydrocarbon substances adsorbed on to its surface. 
5.2.1.2 Potential Health Effects of Automotive Emissions 
(i) Formation of Photochemical Smog 

It is now well understood that HC's and nitroaen oxides 
are the main components of photochemical smoq formation 
and that intermediate reaction products such as oxi- 
ants and aldehydes are resDonsible for most of the plant 
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TABLE XXII 

TRAFFIC GENERATED AIRBORNE PARTICULATE MATTER IN 
METROPOLITAN TORONTO 1971 



SOURCE OF EMISSION MM LBS/YR. 

Gasoline powered vehicles 4.65 

Diesel " " 1.32 

Brake shoe lining wear 0.27 

Tire wear 6.50 

Road wear, sand /salt, 

other dust on road 21.91 

Total 34.65 

Data from: 

Preliminary assessments of sources, quantities, effects and potential 
abatement strategies for airborne particulate in Metropolitan Toronto, 
Ministry of the Environment, Air and Land Pollution Control Division, 
Air Management Branch, Toronto, Ontario, Canada. 1972. 
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TABLE XXIII 

ONTARIO DIESEL VEHICLES POLLUTANT EMISSIONS 
(1000 Tons Per Year) 

mi im 

71.9 72.4 

8.7 6.9 

Nitrogen Oxides 8.7 10.0 8.3 



Pollutant 


1970 


Carbon Monoxide 


62.7 


Hydrocarbons 


7.6 
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damage and human discomfort caused by nhotochemical 
smoa. 86 ' 87 ' in many U.S. cities automotive emission 
is the main contributor to photochemical smoq form- 
ation. For many reqions the factors leadinn to smoo 
formation are now well understood. It should be 
nointed out that these factors mav differ quantita- 
tively frnm reoion to reqion due to different local 
atmospheric conditions. 

Relatively little is knowhabout the orioin of nhoto- 
chemical smoq formation in Ontario. Studies by the Air 
Manaaement Branch are underway to determine if and under 
what conditions it may form. In view of the uncertaintv 
of an acceptable limit of HC in ambient air the nresent 
and future impact of automotive HC emission on the envi- 
ronment mav not fullv be evaluated. If we anree that 
the present HC concentration in ambient air is acceptable, 
then there appears to be no need to restrict HC emission 
to less than the 887, reduction noted in Table XXI as 
proposed for 1973. Fmission control systems which meet 
1973 standards are considerably less expensive (Table 
XXIV) than catalytic devices, which would be required 
to meet the proposed 1976 federal standards. 

Concentrations of NO., in ambient air frequently exceeds 
the air qualitv criteria in areas of hioh traffic 
density, fin is catalytically enhancinq photochemical 

- ?W - 



TABLE XXIV 

ESTIMATED INVESTMENT AND OPERATING COSTS 
FOR CONTROL OF AIR POLLUTION BY AUTOMOBILES 
FOR 1969 - 1976 MODELS* 





Investment 


Change in 




Model 


Per 


Maintenance and 


Rel. Fuel 


Year 


Car 


Operating Costs 


Consumption (%) 




$ 


per year 

$ 




Pre- 








1969 






100 


1969 


17 


-5.10 


100 


1970 


17 


-5.10 


100 


1971 


50 


-2.70 


100 

107 


1973 


75-130 


35-65 


approx.no 


1976 


315-600 


65-200 


115-125 



* Data from reference 89 and 90. 
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smoa formation. Therefore, the control of NO^ emis- 
sion is an important strateoy in reducino or nrevent- 
ino future occurrence of photochemical smoo. 
(11) Lead and Its Fffect on Human Health 

With traces of lead in air, soil and on nlants, lead 
finds its way into the human body by inhalation and 

inaestion. Probably one-third of the load in U.S. 

(8P>) 
nonulation is inhaled lead of automotive emissions. 

There are controversial reoorts about the effect of 

lead on human health in sub-toxic concentrations, fs 

a summary, it may be concluded that - 

(1) Lead has no known beneficial function in 
human metabolism. 

(2) Lead is a cumulative poison in man. 

(3) It can harm the central nervous svstem and 
may interfere adversely with the development 
of red blood cells and may cause brain damacie 
to children. 

(4) Accumulation of lead in Americans is rela- 
tively close to the threshold concentrations 
of clinical noisonina. 

California recently adopted a 30-day standard for air- 

3 
borne lead of 1.5 uq/m air which is in sharn contrast 

3 
to Ontario's nresent standard of in uo/m . However, 

the Ontario ambient standard for lead will soon be 
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reduced to 5 un/m . This will require reduction of 
the amount of TEL added to nasoline. Reduction or 
removal of TFL has to be compensated by the addition 
of nasoline components of hioher octane number. Thus, 
unleaded nasoline v/ill contain a hinher fraction of 
aromatic hydrocarbons and isooaraffins and will hp 
more expensive. Estimates of the increased cost rano<* 
from $10 oer vear per automobile to 5.17 cents ner 
U.S. gallon of qasoline. The incentive for consumers 
to continue to use leaded qasoline over unleaded naso- 
line therefore is hinh. 

fit present no satisfactory data art available to 
sunnest a sinnificant relationship between increased 

aromatic content and rises in photochemical reacti- 

(°1 ) 
vity. ' ; Increasinn the aromatic content of fuels 

could have an effect on the nuantitv of nolvnuclear 

aromatic hydrocarbons (carcinooens) in automotive 

exhaust. Polynuclear aromatics (PNA) orobablv rise 

with the concentration of aromatics in the fuel, 

but they also annear to fall with the elimination of 

lead. 

Automotive sources currently constitute between 2 and 
10% of total P1A emissions in the U.S. denendinn uoon 
the specific basis used for analysis. It is important 



- 211 - 



to note, however, that any concern over PNA's 
emanatina from auto exhausts should he shortlived. 
Incorooration of exhaust nas treatment systems, 
especially a catalytic system, will result in select- 
ive decreases in nolynuclear aromatics. 
5.2.1.3 Al ternative s to the Internal Combustion Fnoi ne (ICF) 

Atmospheric air pollution from oasoline Dov/ered ICF's noses 
an environmental nroblem in many urban areas. Substantial 
imDrovement in roaional air oualitv is beinn experienced 
as a result of automotive enoine desian channes and incor- 
poration of emission control devices, but nrov/inn car popu- 
lations threaten to neoate these advances. Since further 
reductions in emission controlled oasoline powered ICF's 
are difficult, other methods of reducinn oassenn«r car 
exhaust emissions have been sounht. These methods have 
ranoed from the use of alternative ICF fuels to the replace- 
ment of the ICF with a different power plant. 

Anv alternatives of the qasoline powered ICF must meet 
three criteria. 

(1) Significant reduction in pollution. 

(2) Comparable cost. 

(3) Comparable performance. 

Table XXV shows comparative emissions of the oasoline Dowered 
ICE and its most potential competitors. 
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TABLE XXV 

EMISSION DATA FOR VARIOUS ENGINES 

AND THE 1976 EMISSION STANDARD 





Exhaust Emission 
HC CO 


(g/mile) 

NO 

X 


Gasoline IC Engine (1970) 


3.8 


39 


6.0 


Natural Gas IC Engine 


1.5 


o 


1.5 


Wankel Engine 


1.8 


23 


2.2 


Steam Car (Rankine) 


0.2 - 0.7 


1-4 


0.15-0.4 


Gas Turbine 


0.5 - 1.2 


3-7 


1.3 -5.2 


Stirling Engine 


0.006 


0.3 


2.2 


1976 Emission Standards 


0.41 


3.4 


0.4 



Data from reference 92. 
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Natural oas, (methane) and liquefied natural aas 
(Dropane) have had wide nublicity as substitutes 
for oasoline. /Hthounh these fuels have chemical 
characteristics that permit cleaner exhaust emis- 
sions, the crisis over natural oas supolies, nroh- 
lems of distribution, and the added complexities 
of the fuel svstem nrohablv nreclude neneral use bv 
the motorino nublic. Use of these fuels in urban- 
operated fleets, however, is economically feasible and 
will probably increase in the future. Of particular 

interest is the dual -fuel svstem which allows the 
ooerators of such vehicles to use alternatively 
either liquefied natural aas or oasoline. This 
system is presently undemoino an extensive test 
prooram in the U.S. Preliminary results indicate 
that considerable cost savinns in fuel and mainte- 
nance can be achieved.' 93 ' 

The Wankel enoine is an ICE which emoloys a rotor 
rather than conventional piston for nroDulsion. Cars 
powered with Wankel enaines are presently nroduced bv 
Herman and Japanese manufacturers. The Wankel enoine' s 
superior performance and lower pollutant emission 
provide also a oreat incentive for domestic car pro- 
ducers to consider it as a ootential substitute for 
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the conventional ICE, althounh additional emission reduct- 
ion is required to meet 1W emission standards. 

The steam enqine, oas turbine and Stirlinn engine are 
external combustion enoines (FCE) , i.e. the enoine is 
heated externally. Gas turbines are Dowered bv the hot 
exnandino oases of fuel combustion. Both the steam enqine 
and the Stirlinn enoine use external combustion of fuel to 
produce hi ah temperatures and pressure in a closed system 
containino a workino medium such as water, ammonia or an 
inert oas which provides the power for a piston enoine. 
From a standpoint of pollutant emission ECF's are attract- 
ive alternatives to the ICE althouoh some additional emis- 
sion control is required to meet 1976 standards. 

Alternatives to heat enoines are electric motors nowered 
bv fuel cells or recharoeable batteries. Battery-powered 
vehicles themselves produce no exhaust or unburned fuel 
emissions and are therefore particularly attractive for urban 
use. The main difficulty that must be overcome in develon- 
inq practical electric automobilps for oeneral use is the 
present lack of low-cost batteries havinq sufficient eneroy 
storage caoabilitv per unit weiqht. A major improvement 
in specific enerqy without sacrificing specific power is 
required before practical electric passenoer vehicles for 
general use will become a reality. 
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Present analyses of all competing systems indicate, that into 
the 1980 's, the best combination of costs, utility, and nnten- 
tial for reduced oollution output is the current qasoline- 
nowered automobile. 
5.2.1.4 C omplementary Strategies for Reducing Mr Pollution 

Increasing public opinion and legislation indicate that' 
serious efforts to reduce the amount of air pollution caused 
by transportation are necessary. Although such reduction 
will be highly dependent on controlling emissions at their 
source, urban planning, transportation planning, and traffic 
engineering can significantly improve air quality. Such 
measures should comnlement a source control strategy for most 
effective emission reduction. 

Measures that can be used include the improvement of traffic 
flow, the dispersal of motor vehicle traffic in time and 
space, the reduction of the overall amount of vehicular 
travel, and greater use of vehicles with low emission charac- 
teristics. The implementation of these measures reouires 
coordination at all levels of government. 

These measures, which supplement the efforts of government 
and industry to reduce automotive emissions at the source, 
encomoass the following means of reducing harmful exposure 
to air pollutants: 

(1) Smoothing the flow of traffic. 

(2) Reducing concentrations of traffic, both 
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qeooraphicallv and bv time of day. 
(3) Reducing the total amount of travel. 

Table XXVI lists a number of techniques previously used, 
or at least proposed in the context of imorovino the capa- 
city and quality of urban transportation systems in the U.S. 
Mot all the techniques will anolv to everv city, but some 
should. Their aqqreaate impact will increase the likeli- 
hood of improvinn air quality standards. 

While it is impossible to nlace a precise measure of effect- 
iveness on each technique, there is sufficient knowledqe 
to assinn an approximate value. This, shown on the table as 
"Probable Fffectiveness ," uses a scale of 1 (least effective) 
throuoh 5 (most effective). The effectiveness of most tech- 
niques in reducinn air pollution varies from one citv to 
another for such reasons as the extent to which the technique 
is already in use, the adequacy of the area's transportation 
system, or the climate of the area. Some techniques may be 
most appropriately aoolied durinn severe pollution episodes. 

In Toronto with an automobile population of 800, oqn the air 
quality is affected by the exhaust emissions of automobiles, 
fln implementation of a oroaram involvina several techniques 
of Table XXVI to reduce downtown traffic connestion may 
also potential lv reduce air pollution from automobile sources 

Up to the present time automotive emission controls have been 
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TABLE XXVI 

•UBS FOR IMPROVING TRAFFIC FLOW, FOR REDUCING 
POLLUTION CONCENTRATION, AND FOR REDUCING AUTO TRAFFIC 



Techniques for Improving Traffic Flow 



Probable Effectiveness 



A. Freeways 



1. Reverse-lane operations 

2. Driver advisory displays 

3. Rair.p control 

U. Interchange design 

B. Arterials 

1. Alinen-.ent 

2. Widening intersections 

3. Parking restirictions 
U. Signal progression 

5. Reversible lanes 

6. Reversible one-way streets 

7. Helicopter reports 



C. Downtown Distribution 

1. Traffic responsive control 

2. One-way street operations 

3. leading regulations 

4. Pedestrian control 

5. Traffic Operations Program to Increase 
Capacity and Safety (TOPICS) 

Tprhniqu cs for Reducing Pollution Concent ration 

A. Staggered Work Hours 

B. Roadway Concentrations 

C. Cross-sections 

D. Elevated, At-grade, Depressed Roadways 

Techniques fnr Poducing Auto Traffic 



A. Transit Operations 

1. Bus lanes on city streets 

2. Bus lanes on freeways 

3. One-way streets with two-way buses 
U. Park-ride, kiss-riuc 

5. Service improvements and cost reductions 

B. Regulation 

1. Parking bans 

2. Auto-frce zones 

3. Gasoline rationing 
L. Idling restrictions 

r >. Four -day, forty -hour week 

C. Pricing Policy 

1. Parking policy 

2. Road-user tax 

3. Gasoline tax 



D, 



Car pool incentives 
Planned Unit Development 



Table reference 9U. 
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emnloved as the basic abatement strateov. The Canadian 
Federal government has followed the emission standards 
established by the EPA in the United States. Thev are 
based upon what is needed in cities with serious photo- 
chemical smoq problems such as Los Anaeles. Because 
such control measures are not reouired in all areas of 
North America, a considerable controversy has arisen as 
to whether these standards should be uniformly anolied to 
all areas. The Ministry of the Environment has questioned 
the necessity of these measures in Ontario where the pros- 
pect of photochemical smoq formation has not been established. 
The less intense sunshine and Generally good surface winds 
in Ontario as compared to Los Anqeles qreatly reduce the 
chances of photochemical smoq formation here. The cost to 
Ontario residents for automotive emission devices needed to 
meet the 1976 standards would be about $100 million per year. 
Conseauentlv, the ouestion beinn asked is: "Is this a oood 
investment?" The total problem should be carefully reviewed 
and information needed to correctlv answer the ouestion 
should be obtained. 
5.2.1.2 Ai rcraft Sources 

The major concern with aircraft exhaust emissions has 
been with reoard to their effect on the environment surround- 
ino individual airports. The identification of the actual 
levels of exhaust oas pollutants at a particular airport is 
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complicated by the frequency of operations and the nrevail- 
inq weather conditions. Thus, the actual levels existinn 
locally may vary over a larae ranoe with the time of day, 
as well as with variations in weather and other emission 
sources. 

Aircrafts emit a variety of pollutants which excent for 
lead, are common to all aircrafts, althouoh the nronortion 
of each emitted pollutant may vary dependinn on the tvne 
of aircraft enaine. 

Presently aviation uses two inherently different tvn^s 
of engines as power sources: 

(a) the conventional nasoline powered internal 
combustion enoine Tf.F) and 

(b) the oas turbine enoine 

Emissions of airplanes powered bv the ICF are similar to those 
discussed in the section of air pollution bv automotive sources 

The qas turbine ennine is the most efficient combustion ennine 
in transport use today, from the standnoiot of air pollution. 
The combustion process in gas turbines differs from that in 
aasoline enqines in that it occurs at constant oressure, and 
with a larae excess of combustion air. Thp exhaust emission 
of hydrocarbons, carbon monoxide, oxides of nitronen, alde- 
hydes and particulate matter varies qreatlv with the operation- 
al modes of the aircrafts but invariably emissions ar^ hinher 



- ??n - 



at around operations, landinn anoroach and climb-out. 

Due to different quantities of pollutant emission the 
composition of various air pollutants at airoorts and 
in surroundinn areas laroely depends on the relative pro- 
portion of the class of aircraft freouentino the airnort. 
Op the other hand, the nuantitv of nollutaot emission is 
reflected very closelv by the volume of aircraft activitv 
and the size of aircraft and may be expected to increase 
as operations and size of the aircraft increase. 

Table XXVII summarizes total aircraft movements at four 
major Ontario airports. Mthouoh all considered airports 
are comparable in total aircraft movements, their impact 
on the environment is nreatlv different, due to the differ- 
ence in distribution of class of aircraft. 

Toronto International Airport (TIA) mav be expected to have 
by far the lamest impact, as a result of the sinpificantly 
larae- activity of air carriers (Table XXVIII) which are the 
major contributors to total pollutant emission bv aircraft. 
TIA therefore was selected for the followino evaluation 
of the impact of aircraft emission on the environment. 

Calculated pollutant emission at TIA is compared with the 
emission at one U.S. airport of similar aircraft activitv 
(See Tables XXIX and XXX). Estimated emissions of TIA and 
Washington National Airport (WNA) are comparable in mannitude 
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TABLE XXVII 



Total Aircraft Movement 



r\3 

X) 





1970 


1971 




(thousands) 




Toronto International Airport (TIA) 


208 


199 


Toronto Island Airport (Tl) 


190 


191 


Ottawa International Airport (OIA) 


190 


202 


Hamilton City Airport (HCA) 


16U 


194 



Data from reference 95. 



TABLE XXVIII 
Itinerant Movements* 1971 



ro 





Total 
(thousands) 


Air Carrier 
(thousands) 


Commercial 
(thousands) 


Private & Govt. 
& Military 
(thousands) 


TIA 


177 


122 


17 


38 


TI 


51 


0.4 


32 


19 


OIA 


91 


27 


23 


41 


HCA 


47 


2.4 


27 


18 



Data from reference 95. 

•^Aircraft entering or leaving airport tower control zone. 



o 

no 



TABLE XXIX 
Estimated Emissions of Aircraft at Toronto International 
and Washington National Airport 



Pollutants 



Carbon Monoxide 

Nitrogen Oxides 

Sulfur Dioxide 

Particulates 

Total Hydrocarbons 
(incl. fuel vantlng)** 

Aldehydes 



Toronto International 
Emission (tons/year) 1970 



1,1°0 
400 

125 

600 

5,300 
(87) 

2* 



Data from references 96 and 97. 

^Estimated on basis of emission data for Washington National Airport. 

■--"-Fuel venting by departing jet aircraft. 



Washington National 
Qnission (tons /year) 1970 



1,870 

363 

105 

230 

400 
(120) 

3.7 



TABLE XXX 



Comparison of Activities cf Toronto International 
and Washington National Airport (1970 - I960) 



r\3 

on 



I 


Arrival / Departure (thousands) 


Toronto 
International 


Washington 
National** 


1971* 


1975 


1980 


1970 


1975 


1980 


Air Carrier 
General Aviation 
Military- 


122 

76 

1 


230*** 

76 

N.A. 


140*** 
76 

N.A. 


220 

110 
3 


232 
108 

N.A. 


240 
107 

N.A. 


Total Passengers 


■ - ■ - 
7,250 


9,200 


16,000 


10,100 


12,500 


15,200 



* Data from reference 95. 
** Data from reference 97. 



*** Projections based on data of projected passenger traffic and increasing 
average number of passengers per carrier. 

N.A. Not Available. 



exceDt for particulates and HC's. Particulate and hydro- 
carbon emission estimates are sianificantly hioher for 
TIA than for WNA which is the result of a different 
dearee of HC and particulate emission control assumed for 
the calculation of pollutant emission. 

Table II compares aircraft emission at TIA with emission 
of other sources in Metrooolitan Toronto. Althouah the 
contribution of aircraft to total pollutant emission is 
minor, pollutants are emitted in a relatively small area 
and therefore may contribute substantially to the overall 
pollutant level at TIA. 
( i ) Impact on the Fnvironment 

A survey of the air quality in the vicinity of TIA 
from November 1968 to November 196Q concluded that 
aircraft activity durino this period was not a 
major cause of pollution at oround level in either 
Ftobicoke or Peel County. ' It was however, 
found to be impossible to assess the relative contri- 
bution of aircraft to hydrocarbon concentrations in 
air due to the interference by automotive traffic. 
Smoke emissions of aircraft, was found to be a source 
of a laroe number of citizen's complaints. 

In order to qet a relative ratina of the environmental 
impact of TIA an attempt is beino made to compare TIA 
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with the impact of Wf!A which was evaluated in a 
studv based on 1970 aircraft activity. 

At WNA predicted annual averane concentrations 
for particulates are well within the limits of 
the Ontario standard. The annual U.S. standards 
of 0.05 pom are exceeded several points within 
the airport boundary by 10 to 90? althouoh emis- 
sion by aircraft alone would have resulted in 
values below the standard. The sulfur dioxido 

(sn ) standard is exceeded at three locations at 
c 

the airport boundarv with aircraft contributions 
of onlv Z%. 

More importantly, measured short term maximal con- 
centrations for particulates, NO HC's, CO and 
S0„, exceeded the corresponding standards within 
the airport boundaries sionificantlv. At the 
airport boundarv the standard for particulates '-'as 
exceeded at one location, while the correspondinq 
standard for HC's was exceeded at several locations, 
althouoh the contribution of aircraft to the total 
HC level was only 6%. The standard for CO was 
exceeded at one boundarv location with 75? aircraft 
contribution. 

In the vicinitv of WNA (3 miles from terminal) nre- 
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dieted annual mean concentrations for narticu- 
lates, N0 y and SO rarely exceed the correspond- 
ed standards. The contribution of aircraft 
to the overall pollutant level in these areas 
is minimal, althouah short term violations of 
HC standards occur. Thus a maximum HC level of 
un to 37 times of the desirable level was measured 
in a location 3 miles north o^ the main run-way. 
It is believed that this was a result of fuel 
ventino of jet aircraft over the affected area. 

In summary, it mav be concluded that at the present 
time pollutants emitted by aircraft exceed short- 
term maximal concentration standards within the 
airoort boundaries, but their effect on air ouality 
outside airport boundaries is relatively small. 
Since the aircraft activity of TIA is approximately 
60% of that of WNA, its impact on the air quality 
of the surroundina environment mav be exnected to 
be somewhat smaller, assumino that atmospheric 
conditions provide an equally qood dispersion of 
emitted pollutants at TIA. 
i i ) Aircraft Emission Control 

Past actions for the control of aas turbine aircraft 
enqine emissions have been concentrated orimarilv in 
the area of smoke reduction since this emission was 
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the first to be of oublic concern. Programs 
for smoke reduction have been initiated by all 
the major aircraft ennine manufacturers. 

Smoke reduction has been achieved for several enoine 
models: redes inned combustors that emit only a faint 
smoke trail are now in commercial service. The net 
result of these smoke reducina proarams has been the 
establishment of a firm technolonical base to cone 
with this pollutant. 

In addition to the nrooram for smoke reduction, efforts 
are underway to obtain a better definition of the 
nature and extent of the invisible components of iet 
ennine exhaust. 

ndors resulting from the operation of aircraft enoines 
are noticeable at airnorts and are objectionable. 
Since, at present, the substances causino the odor 
have not been precisely identified, odor was not 
explicitly considered in this studv. Gas turbines, 
however, are known to emit aldehydes, which ar* 
odorous substances and even at low concentrations, 
mav be irritatino to the eyes and to mucous membranes. 
It is expected, however, that odor reduction will 
accompany a decrease in the level of UC and aldehyde 
emissions. 



- 2?Q - 



The followinq conclusions concernina emission 

(97) 

control for turbine-enaine aircraft were drawn: 

(1) Minor modifications of combustion chambers 
provides larqe reductions in HC and parti- 
culate emission, and a lesser reduction 
in CO emission. 

(?) M inor modifications in oround oneratinn 
procedures will further reduce CO and PC 
emissions, but will increase particulate 
emission. 

For piston-ennine aircraft control devices developed 
for automobile enoines could produce larae reduct- 
ions in CO and HC emissions. These devices may 
require low-lead nasoline thereby reducinn lead con- 
centrations as well. 

Theoretical studies have been made which show that 
of all the exhaust nollutarts, oxides of nitroopn 
present the qreatest control orohlpm. Althounh the 
phenomena of formation of this exhaust emission 
product are understood, a firm technolonv for its 

reduction in actual enqine combustion systems does 

(99) 
not exist as yet. ' 

Air Canada and CP Air are spendinq about S3.S 
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million to reduce polluting emissions from iet 
enoines by about 1972. 
( i i i ) Future I mpacts of fir-CarrW Airp orts 

Considerinn increasino aircraft activity, the channe 
in total population of each aircraft class and 
increasinolv better emission controls, the followino 
o«neral trends for aircraft emission at air-carrier 
airports are predicted by Northern Research and 
Fhgineerino Corporation durino the next decade. ': 

(1) A small increase in total particulate 
emission of approximately ?° f '. 

(2) A small increase of S0 ? emission of 
approximately 302. 

(3) A larne increase in NO emission of 
approximately 200ft. 

(4) A small decrease of CO emission of 
approximately 10%. 

(5) A laroe decrease of HC emission of 
approximately 60^. 



5.2.2 Hater Pollution 



Oil, orease and other hydrocarbons drno from vehicles onto 
the streets and roads can be washed into thp waterways bv 
rain and cleanino operations. Its impact on the water 
quality has not been measured but is not felt to be serious 
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However, the increasinq use of salt as a deicinn aoent 
has, in the past years, raised many Questions as to the 
effect if chlorides from this source on water oualitv. 

The Dractice of snow disposal into lakes and rivers is 
common in many municipalities. This is considered a 
convenient and economic means of snow disnosal. 

Recent analysis of a snow disoosal site indicates that 
snow scraoed from roads mav contain hinh concentrations 
of suSDended solids, oroanic material, ohosnhorus, chlo- 
rides and lead introduced throuoh automobile exhaust. 
Visible pollutants such as oil, trash, soil and soot arp 

readily evident. Followino the sprino thaw, materials 
contained in the snow are introduced directly to th^ water- 
course and may cause seriously denraded water oualitv. 
With controls such as covered sand-salt stock oiles, limit 
inn the use of deicino salt and restrictinn snow dumoino 
to land sites wherever possible, sionificant sources of 
water Dollution can be substantially reduced. 
5.2.3 Impact on Land 

Vehicles abandoned by their owners is decreasinq the 
aesthetic value of private and oublic land rather than 
heino a pollution nroblem. rt t present the number o f dere- 
lict vehicles across Ontario is estimated to be about 750, 
000. Recently a survey was initiated to identify areas of 
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hiqh derelict vehicle density in order to show where a 
full -scale clean-up Drooram is needed. The survey is 
desioned to further reveal the economic potential of 
scrap metal recvclinn in any niven area and also the 
attitude and receotiveness of people in a niven area. 

The Waste Mananement Branch pointed out that the success- 
ful completion of a ma.ior clean-up project would heln 
to keep Ontario beautiful and in addition reduce the deple- 
tion of raw material . 



5.2.4 Noise Pollution 



Noise is a bv-nroduct of all fuel-burnino transportation 
devices. The backqround noise level of any lame urban 
area of 45 to 50 dB(A) is principally due to the noise 
nenerated bv the thousands of vehicles travel linn about 
the area (Hqure ?4). Communitv noise is beino renarded 
as an environmental pollutant by an increasina number of 
people and the Ontario Environmental Protection Act, 1971 
recognizes it as such. Fiqures 25 and 26 summarize the noise 
levels in a statistical manner from a wide variety and 
type of vehicles. The federal Department of Transportation 
will be placino limits on the permissible noise levels of 
new vehicles at: 

Automobiles and Small Trucks 83 dP(A) 

Large Trucks 87 dB(M 

Motorcycles 83 dB(A) 



- 233 - 



% ti 



ime 



no 



100 

90 

80 

70 

60 

50 

40 

30 

20 

10 




J I I 1 




20 25 30 35 40 45 50 55 60 65 70 75 80 dBA 



Fig. 24 



100 
95 
90 
85 



< 

CO 






80 



75 



70- 



65 



60 



Scale of Number of Vehicles 
I 1 1 

40 80 



m 



s~~i 



55 L MPH 30-39 
No. of Vehicles 215 





Passenger Cars-dBA 



40-49 
134 



50-59 
378 



60-69 
283 



30-39 
32 




Tractor Trailers -dBA 



40-49 
67 



50-59 
245 



60-69 
122 



Fig- 25 



Scale of No. of Vehicles 



80 



75 



70 



< 

CO 
"O 



65 



60 



55- 







- 1 
50 




Fig. 26 Buses: Ottawa Transport 
Commission, accelerating at low 
road speed (0-20mph), 441 
readings on 128 vehicles, 
A weighting only. 
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This, in effect, W1 -«n limit the noise potential of 
future vehicles. However, comparison with Fiqures 24 
and 26 illustrate that it will not reduce community 
noise levels appreciably inasmuch as vehicles rarelv 
operate at their noise potential. The Ontario Ministry 
of the Fnvironment has suoqested to the Federal Govern- 
ment that a staaed reduction of these noise levels be 
considered in the future. 

Noise levels in all communities may be expected to increase 
in the future as the population of vehicles increases. 
Moreover, the serious noise problems adjacent to freewavs 
busy streets, stoo-and-oo truck routes and airoorts will 
also increase. Noise levels adjacent to freeways may 
reach a steady 80dB(A), an acceleratino truck can produce 
over 100 dB(A), and around airnorts intermittent levels 
up to 110 dB(A) sre not uncommon. Under the Ontario 
Environmental Protection Act, 1971, noise can be controlled 
bv the Province. Noise requlations are beino devised and 
drafted to implement this aspect of the Act. Recently 
standards have been proposed in the U.S. to identify those 
areas of land in the vicinitv of hiohwav nroiects which 
are sensitive to noise and to compute the expected hioh<-'av 
noise levels in these areas on basis of the worst noise 
situation expected to occur. Where anticipated hinhway 
noise levels exceed the desinn noise levels, corrective 
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measures are to be taken to the extent feasible. For 
residential areas and schools the desiqn noise level is 
70 dB(A) not to be exceeded more than 10% of the time 
durino the worst hour of the dav. ' 

It 1s clear that imolementation of a 70 dB(A) standard 
in residential areas will call for substantial noise 
abatement measures on new hiohwav nro.iects. Existinn 
noise barriers alono major hiohways in the Toronto 
Metropolitan area were reported to have little effect. ' 
Therefore, it is important to limit the noise emission of 
future vehicles as has been suoqested to the federal novern 
ment. 

Also, land-use plannino in the vicinitv of airports, free- 
ways and at other significant noise sources must be much 
more effectively controlled in the future. In addition, 
rapid mass transportation systems desinned with low noise 
levels in mind can effectively reduce urban noisp levels. 

5.2.5 Land U se 

5.2.5.1 Mass Transportatio n 

The noise and air pollutants caused bv automobile emission 1 ; 
are a major problem in conaested urban areas. Even with 
future leoislative controls for cleaner enoines an alter- 
native to inter-and intra-urban travel should be provided 
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if we are to ensure a healthv urban environment since 
the increasino number of cars mav nenate the effective- 
ness of leoislation desiqned for an acceptable quality 
of air. 

One of the Greatest enemy inefficiencies in modern 
society is the transportation of neonle in cities, since 
the automobile is the least efficient means of urban 
transportation and is by far the qreatest user of enernv 
(See Table XXXI and XXXII). 

About 82% if all enernv used for urban transportation 
D^r year in the U.S. in the mid-l%0's was used in 
private automobiles and, of that, 60? was used in trios 
of less than ?.5 miles. This disproportionate use of 
private automobiles has continued unchallenned despite 
the qross inefficiency and the serious contribution which 
automobiles make to pollution. 

Orinin-destination studies show that the bulk of urban 
automotive travel is the morninn and eveninn iournev to 
and from work* Therefore, it mav be concluded that if the 
morninq and eveninq rush-hour connestion can bp alleviated 
bv an alternative more efficient and cleaper mode of 
transit, there would be a significant reduction of air 
pollution. 
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TABLE XXXI 
Efficiency of Various Means of Urban Transportation* 



Vehicle 


Net Propulsion Efficiency 
(passenger miles/gal. 
or energy equivalent) 


Electric Trains 


75 - 100 


Bus 


100 


Automobile (Average) 


30 - 40 


Automobile (l Person) 


17 


Motorcycle 


160 



* Data from reference 102 
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TABLE XXXII 
Total Energy Consumption for Urban Transportation U.S. Annual Mid 1960»s* 



Vehicle 



Energy Used 
(millions of gallons) 



Trains 

Buses, Taxis, Limousines 

Private Autos - trips of more than 2.5 miles 
- trips of less than 2.5 miles 
Trucks and Parcel Delivery 
Institutional Vehicles 

Total 



70 

400 

14,000 

21,000 

5,400 

1,800 

42,670 
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A study conducted in Metropolitan Toronto revealed that 
in 1970 about 69" of the population was usinq nublic 
transportation durinn the rush hour periods to the down- 
town city core area (Table XXXIII). This compares 
favourably with earlier I960 data when 573 were us inn 
public transportation. 

Metropolitan Toronto early realized the need to promote 
a rapid transit system to relieve conopstion and to reduce 
air pollution. For a transit system to be accented it 
must be commuter oriented, i.e. it must be fast, efficient, 
convenient and cheap. Also, the effectiveness of a ranid 
transit system is laroelv dependent on the availability 
of an extensive surface transit network and adequate free 
terminal park inn. 

One of the arauments aoainst nromotinn raoid transit is 
based purely on cost. There have been, to date, few cost- 
benefit analyses carried out comparino rapid transit 
aoainst roadway and expressway tvne transit. Subway 
construction and maintenance is undeniably expensive. 
For this reason, surface rapid transit shoud be entertained. 

On-surface transit can be less expensive, more far-reachino 
and much quicker to implement. The problem of riohts-of- 
way can be overcome bv develooino the "multi-functional 
corridors." Criss-crossed throuahout most larae urban 



- ?A? - 



TABLE XXXIII 
Public vs. Private Transportation to Down-town Toronto* 



Year 


% of population using 
TTC and Go-system 


% of population using 
private means of 
transportation 


Peak Rush 
Hrs. 


All Day 
Average 


Peak Rush 
Hrs. 


All Day 
Averages 


I960 


57 


50 


43 


50 


1970 


69 


50 


31 


50 


1971 


70 


50 


30 


50 



"• Information obtained from Mr. S. J. Sanson, Director 
of Metropolitan Roads and Traffic Department. 
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centres are a series of hydro easements, railway lines 
and expressways . Since these easements already exist 
and may be wide enouah to accommodate a transit line, 
all that is needed are some buffer strins to cut down 
noise and add some aesthetics. Research is presently 
beinq carried out to test the effectiveness of rubber 
wheels for commuter-type trains. If they prove success- 
ful, noise will be cireatlv reduced. With the nrov/th of 
and encouranement for satellite urban communities, develop- 
ment of intra urban transit hy commuter lines would be 
extremely valuable. 

The conceDt of usino existino utility easements to evolve 
a system of inter- and intra-urban mass transportation 
is not new. Numerous urban areas in the U.S. have had 
consultinq firms analyze the problem and prepare concent 
reports. Few proposals have been implemented, either 
because of initial costs or because politicians are not 
convinced that a system other than the private automobile 
is needed. Doxiadus Associates published a three-volume 
report on "fmerqence and Growth of an Urban Peoion - 
Detroit." The report envisages the use for alternate 
modes of inter and intra urban travel if we are to ensure 
a healthv urban environment. Doxiadus predicts the need 
by the year 2000 of dual mode electric urbmobiles which can 
onerate automatically on hiqh-speed nuidewavs and also 
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manually on urban streets; even thouoh the idea todav 
seems far-fetched, it does indicate that there is ?. 
need to rethink the urban transportation problem. 
Doxiadus also discussed the need to utilize existino 
rights-of-wav and to turn them into multi-functional 
corridors. 

The proposed official plan for Metropolitan Toronto, 
orovides for transportation corridors combininn exoress- 
wav with rapid transit. There are two major hydro ease- 
ments (approximately 100 feet wide) radiatino in an easter- 
ly and westerlv direction from the centre. Also, there 
are a number of Canadian Pacific and Canadian National 
rail lines crossino throuoh the dty. If these rinhts- 
of-way were combined; their existing function with raoid 
transit lines coupled with 'bus feeder' lines, the M etro 
Penlon could have a very effective inter and intra urban 
transit system without exhorbitant costs. 

The above citation is for the Toronto D enion. A similar 
picture can be seen for cities like Hamilton, London and 
Ottawa . 

In order to promote public transit over urban automobile 
travel, it will be necessary for the novernment to review 
and alter the orant svstem for the laroe urban aro*s where 
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automobile conqestion is an uroent problem. Presently, 
the orant system favours highway develonment and main- 
tenance. In the defined urban areas, arants should be 
qiven for transit development and maintenance. Terminal 
narkino should be adequate and included in the ticket 
cost. The transit system must be ultimately cheaper, 
faster, more efficient and convenient to the user than 
the use of his own automobile. In this manner it would 
be hoped to further increase the nercertane home-work 
travellers usino public transit systems. 



- ?46 - 



5.3 Impact of Industrial Consumption of Fnernv 

In 1970 industry accounted for about 3558 of the total enerny 
consumed in Ontario (See Table XVIII). Mthouoh the relative 
enerov consumption is expected to decrease sliohtlv bv l^ n 
the total eneroy demand will increase approximately ?. 5-fold 
durinn this period. Presently, coal provides the laropst enerov 
supply for the industrial sector followed by oas and oil (Tabl* 
XXXIV). 

Industrial uses of coal, oil and has are predominantly for the 
production of coke for the metal luroical industry, neneration 
of steam and electrical power, and production of synthetic oases 
for chemical processes. Due to the complexity of many industrial 
operations it is difficult to assess the environmental impact which 
is attributable to the utilization of enerov bv industry. Most 
of the industrial emissions into the air come from a vide v^riptv 
of manufacturing processes which are not a direct result of 
enerov consumption ner se. 
5.3.1 Present Air Quality 

The main atmospheric pollutants resulting from industrial enerov 
consumption are sulfur dioxide, particulates and nitrooen oxidos. 
The sulfur dioxide and particulate emission depends laroelv on 
the sulfur and ash content of the fuels used. The oxides of 
nitroaen are formed during the combustion of fuels with air. 

Many industrial operations are aooreoated in areas of hioh nonu- 
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TABLE XXXIV 

ESTIMATED INDUSTRIAL PRIMARY ENERGY CONSUMPTION 
BY FUEL TYPE FOR ONTARIO* 



CONSUMPTION (10 12 BTU) 
FUEL TYPE (In Brackets: percentages of Total) 

1970 1980 1990 

Coal 257 ( 42) 243 ( 24) 230 ( 15) 

Oil 133 ( 21) 280 ( 28) 525 ( 34) 

Gas 226 ( 37) 490 ( 49) 790 ( 51) 

Total 616 (100) 1013 (100) 1545 (100 ) 

Excluding electrical energy. Data from references 103 and 104. 
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lation density such as Toronto, Hamilton and Windsor. Table 
II summarizes nollutants emitted bv the existinn broad mix 
of industrial sources in Metropolitan Toronto. The °ntario 
Ambient Air Criteria for NO and So and particulate matters 
were exceeded in Metropolitan Toronto on a number of occasions 
in 1970 and 1971. While S n and NO emissions by industrial 
sources were somewhat lower than emissions by residential 
sources, particulate emissions were hiqher. This most likelv 
is a result of the overall nrocess operations rather than of 
the enerqy use alone. Since in Metropolitan Toronto resident- 
ial S0 o and N0 X emissions alone were not found to exceed Ontario 
Ambient Air Criteria at present it is reasonable to assume that 
a similar situation exists for industrial SO and NO y emissions. 
In Metropolitan Toronto an abatement proqram of increasinoly 
stricter emission controls for particulate matter and limitations 
of the maximal permissible sulfur content of fu^ls resulted in 
a significant reduction of these pollutants durinn the past few 
vears (Fiqure 27). These emissions are expected to drop even 
further as a result of existina abatement nronrams. However, 
emissions of oxides of nitroqen by industrial sources are 
expected to increase and ambient air criteria ^or N n „ may be 
reached or exceeded in Toronto before 1990 by industrial sources 
alone. 

It should be pointed out that the impact of industrial en°roy 
consumption is nreatlv different in various reoions of the 
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Figure 27 - Sulfur dioxide and particulate 

emission in Metropolitan Toronto 






O 



M 
D9 



(N 



O 

CO 



600 



500 



400 



300 



200 



100 




Industrial Sources 

>o 2 

Particulates 




70 



> 

60 a 

o 

G 

50 " 



H3 

H 

45 r: 



ON 



30 £ 



20 



10 



SO 



O 






CM 









- ?50 - 



Province due to the different pattern of nrimary enemy con- 
sumption inherent to prevalent local industrial operations. 
For example, about 80? of the coal is consumed by the metal- 
lurgical industry which is concentrated in a few areas. 
Therefore, sulfur dioxide emitted from steel mills, foundries. 
cokino operations etc. has a sinnificant impact on the air 
quality. In Ontario this applies chieflv to the Windsor 
Hamilton, Sudbury, Sault Ste. Marie areas, which are densely 
populated and are hinhlv industrialized. Table XXXV summarizes 
the consumption of coal and associated sulfur dioxide emissions 
by industrial sources and comnares it with the main consumer 
of coal, i.e. the electrical utilities. The metallurm'cal 
industry, and in particular the steel industry with associated 
coke oven operations is second only to electrical utilities in 
SO emissions. As a result, Ontario S n « criteria for amhipnt 
air were frequently surpassed in steel production centers in 
1970. 

It is not possible to relate particulate emission hv industrial 
sources to the consumption of enemy, since particulate emission 
by many industries are mainly a result of their process operations 
However, total particulate emissions of lame operations dr^ 
strictly controlled by the Ministry of the Fnvironmont. Parti- 
culate emission from small coal-and oil-fired installations is 
not as well controlled. If further improvement of air quality 
is required the most practical abatement strateov for such 
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TABLE XXXV 

ONATRTO COAL CONSUMPTION AND ASSOCIATED 
SULFUR DIOXIDE EMISSIONS BY MAIN CONSUMERS IN 197C 



Metallurgical 
Industry- 



Electric 
Utilities 



Other 
Industries 



Total 






Coal Consumption (10 tons) 

Equivalent BTU (10 12 ) 

Sulfur content (%) 

Sulfur content 

of coal (10 4 tons) 



7.8 
195 

2 

15.6 



9.3 


2.2 


19.3 


234 


62 


491 


2.4 


1.5 - 2.5 


_ 



22.4 



4.4 



42.4 



Potential SO emission (10 tons) 



31.2 



44.8 



8.8 



84.8 



Data from reference 103 and AMB estimates. 



industries is a change-over to clean fuels such as natural 
oas. 
5.3.2 future ^ir Quality 

Industrial enernv demand is increasinq sharolv and hv 1990 
will be about 2.5-fold hinher than today. Also the distri- 
bution nattern of nrime enemy consumption is expected to 
channe significantly (Table XXXIV). Coal consumntion is 
expected to decrease somewhat durinq the next two decades. 
This is the result of the replacement of the fuel oas heated 
open hearth furnaces with basic oxyoen furnaces bv the steel 
industry. The BOF requires less fossil -fuel enernv than the 
onen hearth furnace. It is fed with oxvoen instead of air 
whereby the heat losses of the nitrooen from the air are 
avoided and some iron metal oxidation contributes a certain 
amount of non-fossil -fuel enemy to the process. As a result 
the sulfur dioxide emission in steel oroducino centres mav be 
expected to decrease sliqhtly. 

Oil and oas consumption, on the other hand, will increase sioni- 
ficantlv. While natural oas is the most desirable enemy source 
from an environmental viewpoint, its lono-term suppIv situation 
is uncertain. Therefore, the use of natural oas by industries 
should be controlled so that adequate suonlies are available in 
the future where it is necessarv for the process operation or 
where no other air pollution abatement method is feasible. The 
policy of restricted usaoe of natural oas mav be revised in some 
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distant future, when coal aasification will nrovide a lonn- 
ranqe suDply of clean fuels. However, coal aasification is 
still at least one decade away and manv technical problems 
have yet to be resolved (See Section III/5.1, Desulfurization 
of Fuels). 

The consumption of oil is associated with similar environmental 
problems as the consumption of coal. Of prime concern is the 
sulfur content of oil which may varv over a wide ranne. The 
expected increase in oil consumption may reouire restrictions 
of the maximal permissible sulfur content of the oil products 
used in a particular area in order to provide a oood air ouaHtv 
Since control technoloov for particulate abatement and desulfuri 
aation of oil is available provincial air-oualitv standards will 
be met in the future. 

At present, however, there is no technoloay existent to abate 
N n x emissions. As a result, NO emissions ar* expected to 
increase in accordance with the increase of fu*l consumption and 
provincial NO criteria will be exceeded more freouentlv in 
wider and wider areas. Ultimately, a limit to industrial orowth 
for selected areas may have to be considered in order to assure 
an acceptable oualitv of air. 
5.3.3 Hater Quality 

The consumption of coal and oil for qeneration of steam or elec- 
trical enerov results in water ouality problems similar to those 
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of the qeneration of electrical power from these fuels, hut 
on a smaller scale. Coke oroduction from coal creates a 
variety of water quality problems due to discharge of phenols, 
ammonia, sulfides and other compounds. In addition, the 
quality of the water may be decreased by increase the chemical 
oxvoen demand throunh the discharge of waste streams. 
5.3.4 Conservation and Improvement of the Fnvironmen t 

Since the manufacture process of all products consumes enernv , 
there is a certain amount of pollutant emission associated with 
each individual product or service oroduced. In addition, manv 
products cause more pollution problems when thev eventually end 
up in incinerators, landfills or are disnosed of an unacceptable 
wavs. Therefore, conservation of enernv and non-renewable 
resources may potentially reduce pollution caused hv manv manu- 
facture and industrial sources. Basically, conservation 
involves the reuse of oroducts and resources, recvclinn o^ waste 
products and the manufacture of products of increased dura- 
bility. 

On the basis of consumed enernv, it has been shown that non- 
returnable containers are more eneroy-exoensive than returnable 
ones.^ 105 ' The use of returnable containers would not only 
conserve a significant amount of enerqv but would benefit the 
consumer additionally by reducina costs and bv alleviate the 
pollution created bv discarded containers. There are several 
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means of encouraainn the use of returnable containers. 

The amount of eneroy used in production of metals varies 
nreatlv deoendino on the type of nrocess used for purifica- 
tion. The reclaimina of some metals, such as aluminum, 
cooper, and titanium, is considerably less enerov-exnensive 
than obtaim no them from raw ores. 

Althouoh exact f inures for the eneroy expenditures for nro- 
ducinn naner from pulp and from scran paoer are not avail- 
able, it appears that recycled paper is less enerov-exnensive 
than virgin paper. It was estimated that in the U.S. the 
savinas on disposal cost alone of recyclable newsprint and 
paoerboard is in the order of ^?0n million/ 

Present tax policies provide economic encouraoement for conti- 
nued and expanded use of primary or virnin products. Tax 
policies should be reexamined and consideration oiven to channes 

that would: 

(a) provide manufacturers with a realistic incentive 
factor for utilizinn more recvcled materials 
through a recvclinn tax deduction or credit, 

(b) encouraae new and expanded plant investment in 
recyclino facilities and equipment throuoh ranid 
write-off and amortization of such investments, 

(c) provide a basis for exoandino research and develop- 
ment activities by industrial firms canaM^ of 
recoverinn recvcled materials. 
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One of the major inefficiencies in our society is the ram'd 
turnover of consumer poods. The rapid obsolescence of oopds 
is frequently planned by the manufacturinn industrv in order 
to increase sales. 

Substantial improvement in enemy efficiency could be achieved 
if industry made an honest effort to increase the life expect- 
ancy of its products. Tax policies should be desinned and 
implemented to encourage industrv to increase the durability of 
its products. 
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5 - 4 Impact of residential and Commercial Uses of Fnern< 



Residential and commercial uses accounted for about 3nr of 
the total primary enernv consumption in Ontario in 1970 
(See Table XVIII) and for about 45°/ of the electrical enernv 
consumption. The nercentaqe of nrimarv enerov consumption 
is expected to decrease to 19? by 1990, but the absolute 

consumption of enernv will increase from 537 x 10 1? RTI' to 

1? 
984 x 10 BTU durinq the same period. In order to evaluate 

environmental problems attendant to enemy use for these 
nurnoses, the present and projected residential and commercial 
enemy consumption by fuel tyne as shown in Table XXXVI has 
been emploved. In the household, the maior consumption of 
enemy is for space heatinq, followed by lighting, water 
heatinn, stove, refrinerator, freezer, air conditioner, and 
other uses. Commercial uses are predominant! v for snace heat- 
inn and liqhtino. In assessinn the environmental imoact of 
these enemy uses only the direct consumption of fossil fuels 
is considered, since the environmental impact of ooneration 
and use of electrical enernv has been covered in a previous 
section of this report. 

Some comparisons will be made, however, between fossil fuel 

and electrical heatinn svstems, and some methods of conservation 

of enernv bv residential and commercial consumers will be 
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TABLE XXXVI 

ESTIMATED RESIDENTIAL AND COMMERCIAL PRIMARY ENERGY 
CONSUMPTION BY FUEL TYPE FOR ONTARIO* 



FUEL TYPE 


CONSUMPTION (10 12 
(In Brackets: percentages 


EfTU) 

of total) 




1970 




1980 




1990 


Coal 


21 ( 4) 




7 ( 1) 




2 ( 0.) 


Oil 


319 ( 59) 




397 ( 53) 




483 ( 49 ) 


Gas 


188 ( 35) 




333 ( 45) 




496 ( 51 ) 


Other 


9 ( 2) 




6 ( 1) 




3(0.) 



Total 537 (100) 743 (100) 984 (100) 



Excluding electrical energy 
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discussed. 
5.4.1 /Mr Quality 



In Ontario the hiohest density of residential and commercial 
developments doubtless exists in Metropolitan Toronto. Con- 
sequently, pollution problems due to commercial and residential 
sources may be exnected to be most evident in this am*. Table 
II summarizes nollutants emitted by residential and commprcial 
sources in Metropolitan Toronto. The Ontario Ambient Mr 
Criteria for N n Y , SO CO and suspended particulate matter v/ere 
exceeded on a number of occasions in Metropolitan Toronto in 
1Q71 and emissions from residential and commercial sources con- 
tributed towards this. Mathematical model linn of the residen- 
tial and commercial emission only (discountino all other sources) 
indicated that even under the most severe meteoroloqical con- 
ditions, they alone cannot at the present time cause the °ntario 
Ambient Air Criteria to be exceeded. As shown in. Finure 28, the 
maximal S0 ? concentration in a larne urban area due to residen- 
tial and commercial sources mav reach about 0.05 pom or about 
a quarter of the permissible limit. 

If it becomes desirable to reduce SO emissions frnm residential 
and commercial sources, the use of low-sulfur fuel is the best 
SO abatement stratenv for these hundreds of thousands of air 
pollution sources. The increasinn use of oas and low-sulfur 
oil in these applications has alreadv resulted in bettor air 
o,ualitv. Table XXXVI illustrates thn some additional imnrnve- 
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ment can be made with resnect to Sn emission hv displacinn 
coal of a relatively hi oh sulfur content with cas and to a 
lesser (\eare^ with oil. /*t oresent, the larner nower n°np- 
ration and industrial sources emolov equipment to remove 
particulate matter and are required to erect stacks so that 
pollutants are diluted before reachinn around levels. How- 
ever, flue-oas cleanino abatement svstems are not nractical 
for residential and manv commercial sources. It should be 
reconnized, however, that residential and commercial sources 
orovide the overall urban backnround levels of several air 
oollutants. Mnce it is not economically feasible to abate 
small residential and commercial sources within the foreseeable 
future, low-sulfur fuels should be reserved for thes° uses. 
The need to abate pollutant emission by larop sources such as 
fossil-fuel electrical qenoratinn station, industrial boilers, 
industrial processes, etc. may be dictated by the pollutant 
levels that residential sources unavoidably produce at present 
as shown in Finure ?9. 

It is anticipated that the population of Ontario will continue 
to orow to the f inures shown in Table XVII, while the total 
primary enerav consumption for residential and commercial uses 
will increase by about P3% durinn the next two decades. Based 
on the expected nrowth of enemy consumption and channe in fuel 
pattern, pollutant emissions for 1990 were estimated for Metro- 
politan Toronto and ?ire compared with 1971 values in finure ?Q. 
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Due to chanqinn patterns in fuel consumption the total emis- 
sion of SO is expected to decrease sliohtlv. However, N^ 
emission is exnected to a double as the enerav demand 
increase. /*s a result, N0„ criteria of ambient air may be 
reached or exceeded in Toronto before 199^ bv residential 
and commercial emission sources alone. 

In order to reduce air pollution from a residential and commer- 
cial sources, several conservation strategies are available, 
such as: 

(1) Improved insulation of buildinn. 

(?) Improved efficiency of hpatino systems. 

Space heatino is achieved either bv direct use of fuels in a 
home furnace or bv use of electricity. M ost hoatino in Ontario 
involves direct use of fossil fuels but electric hoatinn has 
been aainino popularity. Insulation is a maior factor in 
determinino the amount of enerov needed to heat a buildinn and 
consequently indirectly affects the amount of pollutant emis- 
sion. Houses desiqned for electrical heatinn are, in neneral , 
much better insulated in order that this heatino method can be 
economically comnetitive. If similar insulatino standards 
were adopted in homes usino direct fossil -fuel heatino, the 
enemy savino would be considerable. However, at nresent 
the economics of initial cost annears to be the deddiwi factor 
aqainst improved insulation. The efficiency of the hom^ heatino 
svstem is not as closelv supervised as that in laroe industrial 
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installations. Better desinn and system maintenance will 
potentially reduce pollutant emission. The need for a better 
conservation of fuel topether with a reduction of pollutant 
emission mav necessitate a closer check into the efficiency 
of residential and commercial heatino installations. 
5.4.2 Electrical Heatinn 

Electrical soace and water heatinn for residential and commercial 
buildinns aopears to be a convenient, clean method of heatinn. 
However, a closer examination of relevant facts reveals that the 
prime enerciv resource is not utilized as efficiently. The 
enerav conversion efficiency of thermal oeneratinn stations 
(35-40%) is notably lower than the efficiency of household fur- 
naces (55-75/'). /^s a result, thermal aeneratino stations emit 
laroer Quantities of pollutants to the atmosnhere than does the 
direct use of oil or aas. Table XXXVI shows the estimated emis- 
sions caused by the heatino of an averaae home. The fiqures 
for electric heatina represent pollutants emitted at the oene- 
ratinn station with the existino mix of power oeneration sources 
(i.e. water power, oil, coal and nuclear). Power nlant omis- 
sions are qenerallv discharoed several hundred feet above the 
oround while home furnace emissions are released close to the 
qround. 

While manv factors influence the environmental imoact of heat- 
ino methods it is undoubtedly easier to control tho emissions 
from laroe central nlants than it is from numerous small homos. 
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Also, the values niven in Table XXXVII for direct burninn 
of fuels in home furnaces are for ideal conditions. Undoubt- 
edly, many furnaces are Doorly serviced and improperly 
adjusted and conseouentlv mav release much nreater nuantitles 
of nollutants. 

However, considerinn all aspects of this problem it appears 
that electrical residential or commercial h^atina at present 
is less desirable from an environmental standpoint. Until 
coal -or oil-fired power plants install flue-nas abatement 
svs terns for SO and NO ; or, until nuclear nower aeneration 
is a much larner portion of the overall caoacitv, electrical 
home and commercial heatinn should not be encouraoed. How- 
ever, urban air oualitv could be sinnificantl v improved in the 
future bv disnlacina residential fossil-fuel heatinn with 
electrical heatino, if (1) nower plants are isolated from urban 
areas, (?) flue-nas abatement systems are routinely employed 
and (3) the nuclear capacity increases. These paths should be 
encouraaed with the result that electrical heatinn could be 
environmental lv very desirable in th^ earlv l^BO's. 
5.4.3 nther Uses of Flectrical Enernv and Conservation 

The major residential uses for electrical enemy are linhtinn, 
water heaters, stoves, refrinerators , freezers, dr\fi air 
conditioners, each unit us inn more than 1000 kwh nor v^tr 
and cumulatively usinn 75?' of total household use. Hater 
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TABLE XXXVII 

AIR POLLUTANTS EMITTED IN THE HEATING OF 
AN AVERAGE HOME - LBS/YEAR 





Gas 


Oil 


Electric 




Furnace 


Furnace 


Heating"" 


SO, 


0.1 


68.0 


380.0 


Particulate 


3.2 


12.0 


l.U 


NO 

X 


8.5-17 


14.4 


93.9 



*Based on 1971 estimate of power generation mix of 41$ by 
coal, J% by gas, 50$ by water, and 6% by nuclear. 
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heaters have the hiohest enemy demand of anv anoliance, 
us inn over 4000 kwh ner year. Has water hpaters use onlv 
half as much fuel enemy as electric water heaters and 
widespread use of aas for water heatinn would renresent a 
major reduction in enerov demand. Similarly, oas stoves 
could replace electric ranoes but the total enerov conserved 
would not be as oreat as for water heaters. The ouestion 
of excessive linhtino of huildinqs on a ?4-hour basis should 
be considered from the effect uoon the environment and also 
from the aspect of the availability of fuel to Generate 
electricitv. One private power comoanv in the U.S. reduced 
its enemy demand bv 1 to ? 0/ - by advertisinn conservation. 
This savinn in enerov represents oerhaps a ?° r reduction of 
the mean vearly orowth demand of 7 0/ ner voar. 

The use of waste heat from thermal no»-'er stations an^ otb°r 
boiler installation is o f ten mentioned as an enerov resource 
for area heatino. This is not practicable with existino 
systems, but it is a possibility in the desinn of a self- 
contained total enerov svstem in new towns or lame buildings 
This idea should be part of future desian concents. 
5.4.4 W ater Poll ution and Land J. i se_ 

The utilization of fossil fuels in residential and commercial 
annlications does not oive rise to direct water oualitv nroh- 
lems, waste disposal oroblems or other factors affection land 
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use and resources. 

5 . 5 Impac t of Fnerov Use by Recreational Vehicle s 

The use of enemy in recreational pursuits is increasinn each 
year. Primarily oasoline is used to power a variety of 
motorized eouipment. Althouoh recreational devices account 
only for a verv small fraction of the total enerov used in 
Ontario, thev create environmental impacts far hevond the 
problems associated with the consumption of enernv. Thnse 
problems will increase in the next two decades due to the 
increase of leisure time and resources the public will have 
for recreational pursuits. In many cases problems are created 
bv persons usino these devices in an inconsiderate and irres- 
ponsible manner. 

5.5.1 Snowm obiles 

A total of 113,289 snowmobiles were renistered in Ontario un 
to 1971, orovidinn an averaoe of 155 hours of snowmobilinn 

A I *W 0°*) 

ner user dunno the season. 

Snowmobilinn is nrowinn fast in popularity with an annual 
increase of snowmobiles of 30, onn. The snort is neneratinn 
a sizeable economic activity both in recreational areas 
formerly based on a summer season only and in the manufactu- 
red centres of these vehicles. However, snowmobilinn has 
resulted in adverse environmental impacts includi no noisp, 
property damane and trespass, pollutant emissions, litterinn. 
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disruption of wildlife, damane to nlants and soil, as well 
as injuries and fatalities to neonle. In order to control 
the environmental impacts from the recreational use of snow- 
mobiles, a restriction of their use to selected deslnnated 
areas and trails is recommended. 

Table XXXVIII indicates the snow comoaction effect hv snow- 
mobiles. A four-fold increase of thermal conductivity hv 
two snowmobile passes illustrates how the insulation effect 
of snow is destroyed hv comoaction. Snow compaction mav 
result in lowerinq of soil temperatures and deen freezinn 
which can affect the survival of manv snecies hv HI linn und^r 
around nerennial structures. The Ian in the snrino soil warm- 
up retards the life cycle of earlv sprino plants ieonardizino 
their survival. Nutrient cvcles and humus formation may he 
affected by the curtailment of soil -microbe activities. The 
impact appears to be oreater on forest communities when com- 
pared to open areas, partially because driftinn snow mav fill 
in the tracks in the latter. 

Next to traffic and automotive vehicles, snowmobiles arr 
the cause of the laroest number of complaints about noise 
durinq the winter months. This is due to the fact that snow- 
mobiles at present are inherentlv noisv and are sometimes 
used in inconsiderate ways. The noise levels in the ear of 
the operator is in the ranoe of TOO to 115 dB^). New snow- 
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TABLE XXXVIII 
EFFECTS OF SNOW COMPACTION BY SNOWMOBILES 



DENSITY THERMAL CONDUCTIVITY 



New Snow 


0.17 gm/cnr 


1.52 x 10" A cal/cm 3 


-secA 


One Pass 


•a 
0.26 gm/cnr 


2.49 x 10" 4 " 




Two Passes 


3 
0.36 gm/cm 


6.3 x 10"^ " 
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mobiles will be limited to noise levpls of R3 dR(A) fit 50 
ft. bv federal legislation. A t least one manufacturer has 
oroduced a machine which do^s not exceed 7° dB(fl) at that 
distance, Consenuentl v, future noise levels will he decrea- 
sino. It is of interest that the Conservation Council of 
Ontario nronosed maximal noise level of 80 dR(A) at 15 fe^t. 

In addition to annoyinn people, snowmobilers mav harrass 
wildlife at a critical time of vear. Some neonle iust want 
to net closer to see the animal, or chase it. This mav exhaust 
the animal's enornv reserves and thus unwittingly tin the 
balance against wildlife in a period when food is scarce. n r 
the other hand, snowmobile trails ^r<^ used by wildlife such 
as deer, to net to a food sunnlv when the snow is dpon. 

Snowmobiles produce emissions to the atmosnhere sinilar to 
the automobile. .Although these emissions mav be somewhat 
nreater on an onerov consumption basis, their total impact on 
air oualitv is not a problem at present. 
r i . 5 . 2 Powered Watercraft 

In 1%5 the boat reoistratinns for 10 H .P . and ovor --'ere 
2fiR,000 in n ntario and is increasinn bv ?o,nnn nnr vp*r. 

Outboard ennines accounted for ovor °o percent of the total , 

the remainder beinn inboard has or diesel ^nnines. Oy«r 

98 percent of all outboard in use a r « o f the two-stroke cvcle 
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tvne. 

Hue to the Inherent design of these ennines and their amis- 
sion characteristics two-cvcle enoine^ are. more notential 
nolluters than four-cvcle enoines. Therefore, apv studv of 
water Pollution should have its Greatest emphasis on out- 
hoards. 

The amount of discharge, varies with different m^kes and sizes 
of outboards. /> 10 to ?0 r : discharge of unhurned fuel and 
oil is ouite common/ ' Since nearlv one hi 11 ion eallons 
of outboard fuel are sold annually in North America, at l^ast 
100 million oallons of unhurned outboard fuel are bein n dis- 
charged everv vear into the navinable waters. As a result - 
toxic materials such as tetraethvl leads mav accumulate in 
aouatic nlant and fish lif°. 

rj ecertlv, at least on^ major manufacturer was attemntino tn 
solve the emission ornblem bv enoine modification. T f will . 
hov/ever, take about a decade hof r° the majoritv of the r 
enoines are replaced. Py that time manv o f our smaller 1. 
nav be contaminated. 

The n ntario ^inistrv of the Fnvironment has a research nroiect 
underway on nollution caused bv outboard marine enm'n- 
The studv indicates that the deore? of nollution caus^ bv 
outboard exhaust emissions is low in ar^as o f r-or*.or* + ^ use 
and the effect on aouatic life is not as serious as was renor 
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hpforp. in water?; adiacpnt to marinas and hinh use landinos, 
fuel soills related to marine motors us° do havp an immediate 
*pd noticeable effect. Thp studv also indicates that snills 
evaporate ouicklv *nH that the ornanic load is low. Tho first 
sinn of pollution in such ar-as is that fish become tainted, 
but usually the taint disappears in 7 - 10 days when thp fish 
is removed from polluted waters. Noise oollution and thp noten 
tial for accidents by the us- of motor boats annear to bo f 
more serious concern than water pollution. Th* studv suooesl 
that a power boat Pollution index bas«d on horsenower hour/acre 
feet be develooed. 

That thprp is a growing concern amono po nlp »pn* n pd in certain 
recreational Pursuits in Ontario is borne out bv letters 
have been rpcpivod at Open's Park. The complaints ar^ mainlv 
directed aoainst the use of hioh-DOwered boats nv the smaller 
bodies of water particularly for water-ski inn. Such complaints 
usually include the following: 

r>ilv films on the water surface which deorade the water oualitv 
for recreation, stirrino. up of bottom silts which muddies the 
water, noise oollution, darner to swimmers, erosion of banks 
and shores as a result of the waves caused bv sneedinn water- 
craft, adverse effects of waves, nois- and other disturbances 
of fish and wildlife and eniovmpnt of nersonal *rnnertv. 

As a result of the continued orowth of powered watercraft in 
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Ontario waters, the nroblems are likelv to increase both in 
intensity and will also spread to waters not at present 
accessible. The use of nowered watercraft has been restrict- 
ed in designated waters within conservation areas and provin- 
cial n^rks. Restrictions of the use of nowered watercraft, 
or as to the permitted maximum horse-power, or desionated 
waters outside conservation or park areas should hn consi- 
dered in order to control the effects of hi oh -powered boats 
on smaller water bodies. 
5.5.3 Other Motorized Recreational Vehicles (MVP'S) 

Devices on '"heels for the wild countrv include dune bunnies, 
dune cvcles, ATV's (all-terrain vehicles), ATC's (all-terrain 
cvcles - 3 wheeled), RTV's (rounh-terrain vehicles), sv 
buanies, specialized 4-wheel drive automobiles and trucks, 
trail bikes, etc. These vehicles are driven off-the-normal 
transportation route and arp canable of beinn driven in, 
over and throuoh almost anv surface area in Ontario from Lono 
Point Marshes to the franile Arctic tundra. Wide deen and 
treaded tires or caterpillar tracks sunnort some n f those 
vehicles. Such traction and floatation is required to null 
the vehicles throuoh soft sand (often stabilized from erosion 
bv orasses and small shrubs) and to cross marshes (nesting 
sites of waterfowl) and shallow water (spawninci hods or habitat 
for fishes) . 
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The environmental impact of the use of these recreational 
and transportation vehicles include compaction of soils, 
churning up of soils susceptible to erosion, kill inn of 
grasses and shrubs preventing erosion, damage and death 
to trees, shrubs and other vegetation, oil spills and 
emission of exhaust gases, noise, fire hazard, litterinn, 
trespass, disturbance of nesting birds and wildlife podu- 
lations. To prevent such environmental impacts, the recrea- 
tional use of such vehicles will have to be directed to 
selected designated areas. 

5.5.4 Air Cushion Vehicles and Aircraft 

Air cushion vehicles suitable for recreational use, and 
under $2000.00 purchase price, are now on the market. 

The environmental impact of air cushion vehicles and air- 
craft is concerned mainly with noise, exhaust emissions into 
the atmosphere and oil spills on land and water, usually 
during refuelling and maintenance operations. The ma.ior 
impact of the recreational use of these vehicles will be 
in the disturbance of breedina, feeding, rearinq and rest- 
ing habitats of fish and wildlife. 

5.5.5 Summary 

The main problem of the use of all recreational vehicles in 
general is not so much related to the use of enerqy or fuel 
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per se, but rests in the way of how a qrowinq number of 
people are usinq their machines. Due to the vastness 
and inaccessibility of many areas of the Province, little, 
if any control can be effectively exercised. As a result, 
irreversible damage to land, water, and wildlife may be 
expected to increase, unless regulations are introduced to 
protect our environment from abuse by irresponsible opera- 
tors. 
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IV. ENERGY AND THF LAW 



I. CURRENT LEGISLATION 

1 . 1 Mr Pollution 

1.1.1 Province of Ontario 



Ontario has enacted the most comorehensi ve air pollution leois- 
lation in Canada. Control is exercised under The Environmental 
Protection Act, 1971 ,' 11? ' which also includes lenislatinr for 
water, solid waste, noise and n^sticide abatement and control. 
The Air Manaaement Branch, nart o* the ^inistrv o^ the r nviron- 
mont, enforces the *ct throunh a set of air pollution renulations 

Emission standards for P.o contaminants ar» stated in terms of 
nround-level concentration at the noint of imninnement. The 
same regulation includes the desirable air Quality f or ?7 air 
nollutants. Manv other contaminants h*ve been de f inod. Speci- 
fic renulations novern emissions from automobiles, asnhalt 
olants and ferrous foundries. ^ sulfur content in fuel regu- 
lation is limited to Metropolitan Toronto. Althounh there is 
no criterion for reactive hvdrocarbons in ambient air (reactive 
hydrocarbons are the species which mav nroduce photochemical 
smon) in Ontario, it is nossihle that either the Federal or 
Provincial Oovernments miaht introduce one in the future. This 
criterion would affect the refinino and automobile industries. 

An Air Pollution Index^ 3 ' system is in force in 4 areas. 



-278 



Metropolitan Toronto. Hamilton, Windsor and Sud K urv. The 
Index is used to reduce harmful emissions, depnndino upon 
adverse meteorolooical conditions. The Index is a ?i-hour 
runnino averaoe of sulfur dioxide and solid particulate 
values and has been determined from nast air nollution eni- 
sode conditions in other narts of the world. 

Table XXXIX comnares air nualitv objectives for Ontario with 
values announced bv Fnvironment Canada, and with the Federal 
U.S. standards. Ontario's nronram is consistent with the 
uniform air nualitv obiectives throunhout North America. The 
Act also specifies communitv noise as an environmental nollu- 
tant. /'lthounh it will limit the noise levels of devices which 
renuire enernv for their oneration, (vehicles, air conditioners, 
mowers, snowmobiles, motorcvcles, etc.) its requlations *-/i 1 1 
not oreatlv imnact the enernv industry or sinnificantl v alter 
enemv consumotion patterns. 
1.1.2 fed eral Hovernment 

The Clean Mr Pet, 1971 (Bill-C-224) < 114 ) nrovides for air nollu- 
tion control anreements between provincial and federal novern'»onts 
It could also provide for fundinn of provincial nronrams in order 
that they aoree with standards set bv the federal government. 

Federal installations, which have been exempt from provincial 
room" remonts , will be renuir°d to meet federal standards. Th^c^ 
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TABLE XXXIX 

NORTH AMERICAN AIR QUALITY OBJECTIVES 

in mass units (ug/m ) 
with volume units (ppm) in brackets 



Sulfur Dioxide 

1 hr 

24 hr 

1 yr 

Particulate s 

24 hr 
1 yr*** 

Carbon Monoxide" 

1 hr 

8 hr 

Oxidants 

1 hr 

2k hr 

1 yr 

Hydrocarbons 
3 hr 



Federal 
Max. 

Desirable 



450 (0.17) 

150 (0.06) 

30 (0.01) 



60 



Federal 

Max. 

Acceptable 



900 (0.34) 

300 (0.11) 

60 (0.02) 



120 
70 



U.S. 
Secondary 



1300 (0.50)*-* 
260 (0.10) 
60 (0.02) 



150 
60 



15 (13> 


35 (30) 


40 (35) 


6 (5) 


15 (13) 


10 (9) 


100 (0.05) 


160 (0.08) 


160 (0.08) 


30 (0.015) 


50 (0.025) 






30 (0.015)-; 


~!BHf 



ONT. 


OBJECTIVES 


650 (0.25) 


260 (0.10) 


60 (0.02) 


120 


60 


36 (30) 


16 (13) 



200 (0.10) 



none 



160 (0.24) 



None 



-;:-::- 



mg/m 

3 hr. max. 



*HH* geometric mean 
arithmetic mean 
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may or mav not he as strinoent as those of the provinces. 

There is authority in the leoislation to: 
(1) set national air nualitv ohioctivps 
(?) set national emission standards '''here the emission 
could cause a national health hazard, or com^lv with 
the terms of an int°rn*tional aoree^ent, such -is 
those involved in trans-border pollution 

(3) reoulate the comoosi* t^'on fuels imported into or 
produced in Canada, and 

(4) set national emission nuidelines. 
1 . ? Water Pollution 

1 . 2 . 1 Province of Ontario 

The Environmental Protection ^ct, 1°71 provides that no person 
shall add any substance to water that will or is likely to r 
iniurv to any nerson, animal, bird or other livinn thinn. The 
extensive powers of the former Ontario Water Resources Commission 
(°WPf) have been transferred to the Ministry of the Fnvironment. 

There are other Provincial Acts which contain numerous provisions 
anrt reoulations which, althounh not exoresslv prohibiting water 
pollution, can be applied to prevent or minimize 1t. Thev are 
as follows ' 

(1 ) Th« n unicioal Act 

(?) The Public Parks Act 

O) The Public Health Act 
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(4) The Lakes and D ivers Imnrovement , Public 
Lands and thp Provincial Parks Acts 

(5) The Conservation Authorities Act 

Members of the Ministry of the Fnvironment work with members 

of the ministries responsible for the above-mentioned A cts 
in maintainina surveillance of anv surface and qroundwaters 
in Ontario. 

1 . ? . ? Federal Gove rnment 

The Navioahle Waters Protection ^ct nrovides for the control 
of water quality in waters used for navination and shiopino. 
The Inland Fisheries Act nrovides for the control of water 
oualitv insofar as it concerns the nreservation and conser- 
vation of fish. Tho Indian A ct contains provision f or the 
regulation of reservation waterways. T he Mioratorv Birds 
Convention Act nrohibits nellution o f waters frequented by 
mioratorv Mrds or waters flowino into such waters. Finally, 
the Canada Water let, the most reoulatorv of P^doral water 
pollution leoislation. permits th rt Fpdoral Government to 
desianate, as a water-quality manaoement area, anv bod" of 
water wherp there is sinnificant national Interest, and, as 
such, maintains water oualitv manaoement in all areas of the 
country. 

1 . 3 Radioac ti ve emissions 

The authority, in Canada, which controls all uses of ra^io- 
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active materials includinn the operation of nuclear Dower 
stations is the Atomic Fnorov Control Board (AFCB) assisted 
bv the Heactor Safetv Mvisorv Committee (RSPC). Thp 
D eactor Safetv Advisory Committee is soocificalN selected 
for each individual reactor and revipws with the Board's 
staff officers all aspects of the oronosed station from 
Dreliminarv concents and nronosed site throuoh d^si^n and 
commissioning to routine operation. The D S/ i c consists of 
experts in manv disciplines and representatives from other 
interested reoulatorv authorities. For a reactor to be 
sited in Ontario, the Ministries of the Fnvironment, Labour 
and Health would he represented, alono with the Medical 
Officer of Health for the Countv or areas adjacent to the 
reactor site. 
? . International Programs 

Manv international proarams have been created in the pursuit 
of uniform environmental ooals or standards and ioint action 
on common international nollution problems. Canada and n P tario 
participate in many o f these oronrams, hut a bilateral nronram 
with the U.S. is o^ particular importance. The United states 
and Canadian Governments are worklno tooether (1) to restore 
the oualitv of the Great Lakes -- a vital asset *or a lamp 
seament of the population on both sides of the boundary and 
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(2) to reduce the transboundarv flow of air pollutants. 

Ministers of both countries anreed to set un a .loint Work- 
inn Group to studv and evaluate the Great Lakes problem. 
The Group beqan to study ten major nrohlem areas and bv 
April 1971, issued a reoort containinn its recommendations. ' 
It urcied the tv/o Federal Governments to aoree to adopt common 
water-oual itv objectives for the Great Lakes, to anr°e to 
oroorams for attaininn the objectives, and to nive the IK 
authority to monitor these efforts. 

Subseouentl v, the two Governments aoreed to adont the report 
of the Joint Workino Group and to complete a Great Lakes 
Water n ualitv Aareement embodvinn the recommendations bv thp 
end of the year. The aareement will so^cifv measures to 
control Great Lakes pollution by 1°75, which mav include 
reoulations reoardino thermal -waste disposal. 

The International .loint Commission has also been active in 

( 1 1 c \ 
the evaluation of ioint air-pollution problems/ ; Recently, 

the Air Pollution Control n ffice of the U.S. Fnvironmental 

Protection Aoencv Issued a set of proposed standards. These 

standards are slightly hioher than thosp already adonted 

by Ontario. At this time, Ontario will continue to use the 

lower values and develop abatement strategies to meet the 

more strinoent obiectives. 
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Mr oollution in the Windsor-Detroit and Sarnla-Port Huron 
areas has caused concern for many v»ars. Th" International 
Joint Commission, at the reouest of both oovernments , has 
carried out comorehensive investigations of the Inter 
boundary flow of air pollutants which is renorted in reference 
115. The studv recommended that control aoencies , in both 
countries, accelerate thnir abatement oroorams to brino all 
sources into comnliance with the law. Posts for control 
of Sn ? and particulate matter only in these two areas -as 
estimated at over $65 million. « committee cnmnos»d of the 
heads of the air-pollution control oroorams for the State 
of "ichinan, Wayne County and the Provinc* of Ontario h „ 
been established to achieve these noals. 

Hthouoh the MP nrooram is active, it i s nrobab1v fair to 
summarize it hv savino that orooress in the form of remedial 
action is slow in comino. The U.S. novemment has not vet 
Provided its share of resources needed to carrv out the 
recommended nrooram. 
3. Other Legi slation In North America 

There are a countless air, water and radiation oollution ref- 
lations in the United States. n nlv s . me of the ^^ ^^ 
nertainino to enerov use sre discussed here. 
(i) ^rowental Impact Statemgnt< (13) renu1re that anv nmur 
or anencv of the M.S. federal covernment, nronosinn 
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lenislation or nlannino to undertake an action 
"sinnificantlv affectino the quality of the human 
environment' , must file an impact statement. The 
statements must describe the legislation or action, 
its imnact, and the alternatives considored. Before 
filino, the statements must he circulated hv that 
aoencv to the nuhlic and to aonronriat^ federal . 
State, and local environmental aoencios. Comments 
received on the draft statement become a_ part of 
the nuhli c record. The Administrator of FP' has 
the indeoendent resoonsihiiitv for revievn'nn and 
commentino on the environmental impact of all pro- 
posed Federal activities or lenislation. 

oyer 20 U.S. federal agencies havp established internal 

procedures f or nrenarinn impact Statements. Some 
anencies, for the first tine, have exnlicitlv incor- 
porated environmental considerations into their 
decisions. 

The svtem is not yet workino as intended. Lack of 
environmental lv-trained oprsonnel and the difficulty 
of channinn established decision-makino patterns ar n 
still problems. Too o*ten, the envimnn°rt*l state- 
ment is written to justify decisions already made, 
rath°r than to nrovid^ a mechanism for critical revi^*'. 
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Consideration of alternatives is of ton inadenuate, 

and the ultimate alternative i.p. "taklnn no action 
at all because of the environment" has rarelv been 
considered. There is also the difficulty o^ anv 
aroun in ennanino in nubile self-criticism. 

The value and connleteness of these statements varies 
drastically from aoencv to anencv. Some have h ^r 
severelv criticized as superficial, incomplete, 
incompetent and misleadino. At the other extreme, 
the U.S. Department o f the Interior^ 'has adopted 
an elaborate procedure call inn for consideration 
of about in,noo items in comnletino a inn bv inn 
matrix and assessments must be made for anv area, 
in which there is an environmental impact. 

Although the reouirement for environmental imnact 
statements, which are made public, has its short- 
cominos, the basic idea is felt to be nood. Various 
oroanizations of the n n tario novernment nov use or 
advocate this concent in one form or another. It is 
stronnlv suggested that nntarie pstahli'sh a nolicv 
of reouirino environmental impact statements to he 
comnleted and evaluated bv all Ministries before 
new nronrams are implemented. The aonroach adopted, 
should profit from the initial shortcominns of the 
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U.S. pronram and could be emnlnved by all n ntario 
novernment organizations uniformlv. It should not 
be restricted to assessment of the imnact or enernv 
use, but annlipd to all activities which affect 
environmental oualitv. 
(ii) Power Plant Sit inn lenislation has also Keen recently 
nrooosed. Under the nrooosed leoislation in the ". c .. 
federal Government decision-maHno on sitinn n* newer 
plants (exceedino 3^0 M V caoacitv) would bo vested 
in State and/or reoional site certification aneW-i^s. 
In the absence of such an aoencv, or wh^n it ^a i 1 ^ 
to act or resolve local differences, the nronosod bill 
would nut the final decision in the hands of an ad hoc 
3-man arbitration panel, which would have stron^ sitino 
annroval powers, includino modifvino environmental 
renulations. 

/Hso included in the nrooosed legislation, the utilities 
would be reouired to i^entifv and unorade, annually, 
their reoional expansion plans 10 vears in advance of, 
and the plans for sn^ci f ic sites 5 years prior tn, 
construction. These olans should include a sit^ Invento- 
ry, as well as environmental impact statements ^nr each 
site. Two vears before construction is to start, the 
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utilities would bo reauired to submit a detailed 
proposal and an environmental review for the site. 

The intention of these lono-time intervals hetween 
nlannino and construction is to provide nlentv of 
time for thp nuhlic and oth^r agenc ies to assess 
the oronosed nlans and to avoid costlv last-mini 
court fiohts. 

This nronosed lenislation has been aonarentlv directed 
to cure problems o f a svstem, that doos not <°xist in 
Ontario -- the existence of a oreat manv nrivatelv- 
owned comnanies and a few oubl icl v-owned companies, 
a wide variety of state sitinn lenislation, ircreasinn 
nuhlic pressure to have a voice in sitinn an H * federal 
novernment trvina to fill voids, left bv some st?t-os 
and desirinn a uniform national nolicv. 

Rest o f all, the lenislation provides a forum where 
interdisciplinary representatives from responsible 
aovernment aqencies, must evaluate their parochial 
departmental interests anainst the public ne°n, 
explore the alternatives, and arrive at the h( *st in- 
formed decision. - A n initial step in this direction 
has been taken bv establishinn a Sitinn Task r orce 
and vorkinn in close cooperation with oth^r novornmonf 
aoencies. 
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The experiment of the private utilities in sharinn 
their fact-findinn and decision-roakino nrocesses 
with the nublic has been mr>t with vary inn decrees 
of acceptance. The experience of Northern States 
Power Comnanv is especially encouraninn. It serves 
to show that the nublic (consumers and conserva- 
tionists) can work constructively and with an oopp 
mind in he! pi no the utilitv ip sitino its w-'^r olants. 
(iii) Power Plant Fmission Limits have recently been esta- 
blished by FP/^ in the U.S." ' Ml new electrical 
oeneratinn plants with over ?50 million Rtu/hr heat 
input will not be allowed to emit nollutants in 
excess of the following: 

Solid Particulate Matter 0.10 lbs/million Btu innut 

(Dust and Fly-ash) 

Sulfur Dioxide f).80 (oil) or 1.2 (coal) 

lbs/million Btu innut 

Oxides of Nitrooen 0.?0 (qas) or n.30 (nil) 

or 0.70 (coal) lbs/million 
Btu 

The existino coal -fired °ntario Hvdro plants could not 
achieve the SO limit without us inn coal with a lower 
sulfur content than is presently beinq used, limits 
such as these will not ensure improved air oualitv ip 
the lonn-term, because the total imnosed pollutant 
burden will continue to increase as additional olants 
are added. 
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r5 ecentlv, California h*s adontn^ a new and morn 
restrictive renulation fnr the emission of the 
oxides of mtrooen. 7 

( i v ) State of California - Pule PR 

"A nerson shall not discharoe into the atmosnhnre 
from any non-mobile, fuel -htirnino article, machine, 
or eouinment or other contrivance, havinn a maxi- 
mum heat innut rate of more than 177S million 
British Thermal Units (Rtu) o^r hour (eross), flue 
pas havinq a concentration o f nitrooen oxides, cal- 
culated as nitrogen dioxide (M n ? ) at V oxvnon, in 
excess of that shown in the ^ollowino taMe. 1, 



Nitronen °xides 
Parts ner million parts of flue ^as 



F Ue i 



Has 

Liquid or solid 



Effective date 



Hecember 31 , 1^71 



??5 

3?5 



nocemhpr ?1 , 1P7^ 



1?5 
225 



The 1°74 limits will reouire NO control measures at 
least in the form of combustion modifications. It 
seems relatively certain that such measures will snread 
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across the U.S. and perhaps into Canada in tho next 
decade. The nresent. nower Plants emit about twice 
this concentration of NO 

A 

v ' Su^ur Fmission T a_xes_ have also hepn nronnsed bv the 

FP/» in the United States. {U) The charne would he levied 
on sulfur emitted into the atmosphere from combustion 
or distillation of fossil fuels. To tho extent that 
sulfur is removed from fuels, no payment of the charcie 
would he required. The funds oen^rated by this ch*rne 
would enable the U.S. Government to increase Droqrams to 
improve the ouality of the environment with special 
emphasis on development of technolony to reduce sulfur 
oxide amissions and nronrams to develop adeouate clean 
enernv sunnlies. This measure is intended to provide, 
both the Incentive for S n ? abatement and the means for 
dolnn so. This abatement strate<?v has little anneal in 
Ontario, because it would laroelv amount to the nnvern- 
ment taxino itself. It is more direct for the Government 
to decide that $n ? emissions are to be reduced and then 
do what is necessary to achiAve this nolicv. Such a tax, 
however, mfnht provide a stronn incentive for the reduction 
of emission from industrial sources. 
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V. LONG RANGE PROBLEMS 

1 . Possible Globa l Climate fhan oes 

Tn atteniPtino to predict any lonn-ranoe environmental problems, 
the lack of nuantitative an'l nrodictivo research in this field 
leads to a large amount of uncertainty about future conditions. 
V n .^r? are ortraarilv three areas, whe're possible climatic charwes 
could occur, which are beino discussed an' 1 debated at present. 

^ • 1 farhon Dioxide Build-up 

Carbon dioxide is ono of the products of combustion of fossil 
fuels, "ver the last few decades the averaoe concentration of 
C0 ? in the atmosnhere h*s increased at the rate of 0.?* n^ 
year. Fstimates of the increase of fn ? in r the atmosnhere 

have boen made bv Machta* and are shown in Flnure 3°. The 

steen rise Is due to man's steadily increasing use of combustion. 

Carbon dioxide will effectively transmit the ultra-viol ot radia- 
tion from the sun but will selectively absorb the lonoer wave- 
lenoth radiation from the earth. Conseouentlv, as the atmospheric 
C0 ? concentration increases, the earth will tend to become warmer. 

It has been estimated, that an increase in the carbon dioxido 
concentration from 3?0 to 375 oom vi 11 occur hy ?ooo t1 nd -rill 
warm the surface layer of the earth bv about 1°F. While this 
chanoe is unlikely to be critical, it is annarent that a continua- 
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FIGURE 30 



Model calculation of atmospheric CO from combustion of 
fossil fuels. 




**° ' ] ' ' ' ' ' f i I i I r T i I i t i f t f t f . i i ■ 
•efeo ia?o laao .eso soo tsio 1920 wao t»*o oso raso raw sao 090 200 
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tion of C0 ? production would lead to lame increases in the 
C0 ? concentration. Nana be and WetheralcT 1 ^ suoeest that 
a douhlino of the concentration of the oas could lead to a 
b ! increase in world temperature which "could trinoer other 
warmino mechanisms and qossihlv lead to irreversihlp effects." 
The consequences of such an event are so oreat that it should 
not be dismissed from our olanninn even thounh it mav he a cen- 
tury or more in the future. 
1 • ? Waste-Heat Production 

Th* amount of heat innut into the environment denends directly 
upon the enemy used. Heat will alwavs he produced and as power 
oeneration moves from fossil fuels to nuclear fuels the quanti- 
ties will increase. In addition, heat is released into the 
environment from industrial, transportation, domestic and com- 
mercial sources. The 4000. square miles of the Los /^nneles basin 
now Generate in thermal power, the equivalent of more than 5 
percent of the solar enemy absorbed at th* around and this amount 
is expected to rise to 18- by ?000. (1?0 ) individual cities, with 
their hinh level of enemy use, have higher downtown temperatures 
(s^p Table 111) and are covered bv overhead three-dimensional 
neat islands, which act as chimneys to exoel Pollutants (Fin ure ?). 
Both the "useful" and the "waste" enemy eventually find itself 
heatfno the environment and one major studv concludes that thev 



- 295 - 



"see the nossibilitv of climatically significant channel nn a 
renional scale in the near future" and that "on a local scal^, 
this influence is already verv large. 

Probably the most sionificant and far-reachinn effects of our 
continuino rate of arowth nroduction will be on a olohal sc*le. 
Accordino to the renort o* the Study of M an's Imnact on Hi- 
mate (1? ' -- "there is a distinct nossibilitv that a t^moerature 
rise associated with the anticioated injections of heat and 
CO into the atmosphere in the next centurv would result in melt- 
inn of Arctic ice." The reduction in the earth's surface reflec- 
tivity could cause more heat to be absorbed with a consenuent 
acceleration of the Drocess. In addition, there may be larae 
chanaes in nrecipitation , wind systems and ocean currents, which 
could create deserts in formerly productive areas and have other 
serious biolonical and social consequences. 
1 .3 Turbidity 

It has been estimated that between 5 and 4B percent of the nartiru 

(1?2) 
late matter in the atmosnhere is produced by man. ' M uch of 

the man-made particulate is directly emitted durino combustion or 

else is the product of oases produced from the industrial and 

domestic consumption of fuel, the internal combustion enoine, 

the incineration of domestic waste and aaricultural hurninn. 

other particles are emitted during some industrial and rinino 

processes and indirectly from some food production practices, 

such as plounhino and overnrazino of arid or semi-arid lands. 
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Particulate matter in the atmosphere may cause several drama- 
tic implications, such as scatterinn of sunliaht, nreventinn 
it from reachinn the earth's surface, affectino the formation 
of clouds, snow and rain, thus channinn the orecinitation 
and temperature balance of the earth. The consensus opinion 
is that this will produce a cool inn of the earth and some 
claim it will balance the effects mentioned above. 

It is most unfortunate that more information is not available 
on the lonn-ranne environmental effects, for nolicv makers are 
faced with the problem of makina decisions under conditions 
of uncertainty, both with respect to the absolute necessity 
of makina a very maior chanae and with respect to the time 
at which this chance must be made. However, it. is unreal to 
assume that we will be able, some time in th° future, to 
balance aloha 1 warmino trends by cool inn trends and maintain 
the earth's natural thermal balance. It is not too earlv to 
recoqnize these possibilities and to promote additional work 
directed toward a better understandino of man's impact on the 
climate. 
? . P redicted Consequences of Fxoonential Growth 

M anv studies have demonstrated that nearly all of man's acti- 
vities (population, power neneration, industrial orowth , trans- 
portation nrowth , food production, use of resources, production 
of waste products, to name a few) qrow in an exponential wav. 
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This is, thpv double time and time anain every few years. 
This nrowth has not created serious nroblems in the nast 
because the limits of the earth's capacity to sustain th» 
nrowth have not vet been reached. However, there is nrffirflnn 
concern that certain limits are now heinn approached and 
we must soon face the realitv of livino in a closed svstem. 
It is imperative to look ahead and try to prpdict what sort 
of crises may occur and then try to devise means of avoiding 
them. This is a task frauoht with uncertainties arisino from 
lack of knowledae of our complex svstem and the unpredictable 
reactions of humanity toward chanqe. 

Various nrowth predictive models have been devised in th« past. 
Most of them have underoredicted what actual lv occurred because 
they were based on near-linear orniections. Ouite recently, 
Forrester at M.I.T. has devised a verv comprehensive computer 

model which attempts to account for tho interaction of manv 

(123) 

complex inter-relationshios influencino world-wide nrowth. 

It is nrobablv the most ambitious attempt at oredictinn the 
future undertaken to date. 

Previouslv, Forrester has modelled several other complex pro- 

• C\? A ) • 
cesses and his computer modellino of urban dynamics is 

particularly well -renarded by urban planners and is currently 

influencino urban olanninq. Consequently, his new ef f ort in 

oredictinn man's future in a much broader sense in Mori d 
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(123) 
Dynamics * is beino widely discussed and debated. His 

complex computer model yields an overall prediction of the 
course of world events. 

In analyzing the world system, he considers S parameters 
(1) population, (2) capital investment, (3) ratural resources, 
(4) capital devoted to agriculture and (5) pollution. Th«so 
parameters are considered as parts of "feed-back' mechanisms. 
The influence of 5? senarate factors and their inter-den«nd- 
ence are taken into account. Onlv the pollution aspects of 
this model are considered hore in anv detail. The pollution 
subsystem is shown in Finure 31. Population and capital 
investment influence pollution levels bv actinn on the rate 
of Pollution nonoration. The rate of oollution neneration 
is assumed to increase linearly with r^snect to increasino 
ponulation. Increased capital investment increases pollution 
neneration throuoh increased nower Generation, increased 
procession 0^ raw materials, increased industrial wastes, 
increased use of fertilizers and chemicals in aoriculture, 
and bv several other factors. 

The ways in which all of the factors, considered, a ctually 
influence pollution is not known. Conseouently , Forrester 
makes broad assumptions about these influences «-hich are 
currently beino ouestioned, debated and investigated. c or 
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Figure 31 The Pollution System According to Forrester 



example, he assumed nraohic relationships from which the 
followina observations are drawn: 

(1) Pollution-oeneration rate is considered to 
increase 8-fold when capital investment 
increases 5-fold. 
(?) Pood production, decrease to 50" of the 
present level if pollution increases 25 
times the present level. 

(3) Heath rate increases to 1° times the present 
rate if pollution increases 6^ times the 
present level . 

(4) Birth rate decreases to 507 of the present 
rate if pollution increases ?5 times the 
present level . 

All of these assumptions mav be immediately Questioned. He 
bases them on observations of the oeneral trends. Consenuentlv 
the levels and time estimates predicted by Forrester are 
probahlv not accurate. At this time, one should onlv consider 
the main thrust of his work, and the trends his model predicts 
rather than be concerned about what particular decade a certain 
trend may develop. 

M anv important mineral resources are ranidlv approachinn deple- 
tion. Table XL oives the numbers of year for which the known 
reserves will last at the 1970 usane rate and at the continued 
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exponential rise in usaoe rate. ' 

Accordinn to Forrester's model, when our nresent-day svstem 
is nroiected into the future without any changes , denletinn 
of natural resources is found to be the arowth-1 imitinn 
factor (see Finure 3?). Population reaches a maximum and 
declines slowly in the next century. Pollution increases 
to several times its present level but does not limit prowth. 
Table XL suaoests that we mav indeed be on the oath denicted 
in Finure 32. 

If technoloav finds wavs to reduce the usaoe rate of natural 
resources throuoh the wider use o f nlastics or bv recveUrm, 
the computer model predicts that pollution emernes as the 
limitinn factor (Fiaure 33). In this case, however, the 
turninn point is followed by catastrophic decline in nonula- 
tion in the next centurv. 

In a similar way a number of other strateoies for the future, 
are often discussed. 

(a) continued economic arowth (increased capital 
investment) 

(b) reducinn the birth rate 

(c) technolooical solution to pollution problems 

(d) increased nlobal food production 

all qive rise to a "pollution crisis" similar to that denicted 
in Fiaure 33 in the next century. 
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TABLE XL 
Depletion Times for Mineral Resources 



Time to Deplete 
Reserve at 1970 



Metal 

Mercury- 
Lead 

Platinum 
Gold 
Zinc 
Silver 
Tin 
Copper 
Tungsten 
Molybdenum 
Nickel 
Aluminium 
Cobalt 
Manganese 
Iron 
Chromium 



Time to Deplete Reserve 
if 2.5$ Increase in 
Usage Rate Continues 



14 


13 


18 


15 


19 


16 


19 


16 


20 


17 


23 


18 


25 


19 


40 


28 
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Figure 32 - World system projected into the future 
under present conditions. 
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It is interestinn to note, that attemotinn to solve the 
pollution crisis shown in F inure 33 by application of 
technology to reduce oollution Generation, still produced 
a nollution crisis but at a later date. In this case, 
increased industrial arowth ultimately outpaced nollution 
control. As a result, more peonle suffered thp ultimate 
consequence. 

All of the catastrophic channes predicted bv r orrester's 
model result from rapid pollution increases at snme noint 
in time. The assumption made about the the influence of 
pollution may unreal isticallv weioht this factor too stronoly. 
Considerably more thouoht and research o f his assunotions 
and the formulation of more accurate ones is clearly warranted 
Because his present calculations illustrate that nollution 
is a powerful trinaerino influence, the pollution subsystem 
in his model deserves immediate attention. Moreover, preven- 
tion of a pollution crisis involves control of many factors 
besides those directly related to the environment. 

Onlv when an unrealistic model, in which it was assumed that 
natural resources ar^ infinite and pollution does not exist, 
did over population emerne as the orowth-1 imi f'nn factor. 

Forrester has also emnloved his computer model to suoopst 
strateoies for avoidina the fates shown in r iaures 32 and 33. 
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Figure 33 - Pollution crisis results when natural 

resource usage rate decreased 75% in 1970 
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To date he has heen ablp to produce a kind of steadv- 

state system only bv makinn relatively drastic channes in 
his input startino in the vear 1970. The channes needed 
were : 

(a) natural resource usane rate reduced 75°' 

(b) pollution feneration rate reduced 

(c) capital investment reduced &0 o/ . 

These channes resulted in a decreased food availability and 
a decreased birth rate, th-reby inducinn stability throunh 
hardship. They result in a tvpe of "zero-growth" society 
shown in Finure 34. The concept of "zero-nrowth" has also 
been described in detail in another study corseted for the 
Advisory Committee for Fnerov.^ 1?7 ^ 

Obviously, the channes described above would be difficult 
to institute and in fact, since they represent imposed hard- 
ships, thev may not be iustifiahle. The nrov/th -oriented 
business world would resist even relatively minor reductions 
in canital investment and resource usane, let alone the 
staqoerinn values renuired by Forrester's computer model. 
The consumption of enemy resources is not likelv to be an 
ultimate limitinn factor for qrowth, because of the essentially 
unlimited supply of enerny available from nucl«*r snurces. 
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Fiqure 34. Steady state induced by reducing natural 
resource usage rate 75%, pollution generation rate 
50%, and capital investment 40% in 1970. 
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There is evidence that there mav hp a neriod o^ enernv 
shortaoe in the next two decades durino the conversion 
from fossil fuels to atomic sources. However, the short- 
aoe will be alleviated if hrneder reactors come into 
successful operation in 1085 as expected. 

The crisis predicted bv F orrester, which will result from 
continued exponential nro<"th, can be avoided onlv bv arri- 
vinn at a steadv state in the world svstem. T hree basic 
actions will be required to movo toward a steady state: 
(1) Reduce usaoe rate of natural resources 
(?) Reduce and redirect capital investment 
(3) Hecrease birth rate. 

Many difficulties can be anticipated in channinn from a nolicv 
of arov/th to one of steady -state. 
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